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ZL Engineered wire for engineered products 
supported “ by complete factory stocks 


105C (Class A), oleoresinous, P.E.—BELDENAMEL*. Most uniform 
diameters of any film-coated wire (except Celename!). 
180C—130C—105C (Classes H, B, A) SQUARES and RECTANGULARS. 
Extremely close diameter tolerances—no ‘'space’’ problems. 


105C (Class A), solderable Cellulose acetate —CELENAMEL*. 
Most uniform diameters from spool to spool of any film- 
coated wire. 


105C (Class A), Vinyl Acetal—Nylon, NYLCLAD*. The toughest 
film coating of all. 


130C (Class B), Polyester—BELDTHERM. High thermal stability, 
AIEE *57—155C rating. 


105C (Class A), solderable Polyurethane—BELDSOL*. Solderable, 
eliminates costly stripping operations. 


*Belden Trademark—Reg. U. S. Pat. Off. ra Lead Wi re 
ai 


/ Widest range of UL and CSA voltage and temperature ratings. 
Rubber— Neoprene— Silicone—Plastic—Asbestos—insulations with 
and without textile braid—complete factory stocks. 
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Magnet Wire 




















Engineered wires, tight quality control, assure over-all low-cost 
assembly in your plant—long trouble-free performance in service. 


<a —~ 
One Wire Source for / Belden <i 


Everything Electrical & Electronic 


Belden ¢ 


WIREMAKER FOR INDUSTRY — 4 
SINCE 1902 
CHICAGO 


a WIRES - ES CORDS 





Magnet Wire + Lead Wire * Power Supply Cords, 
Cord Sets and Portable Cord « Aircraft Wires 
Electrical Household Cords * Electronic Wires 


Welding Cable * Automotive Wire and Cable 
1-3A01H8 
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Design Engineers are 
Talking about... 
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Medium-Duty 
Sectional pres-SURE-blocks 



































Any number of circuits — quickly hand-assembled 
without fastening hardware. 


Only two pieces to handle— contact section, and end 
section. 


























Anchors at any location without loss of space; — 
extends without removing mounting screws. 











Conservatively rated at 750-volts. 














Choices of — 


” Complete “one-piece” blocks,—or separate sections 





» Flat-base for direct mounting,—or dovetail base 
for channel mounting. 


*With channel - 1’/,," 3 Contacts for stripped wires (422 thru #8),—or for termi- 
ALL ILLUSTRATIONS - ACTUAL SIZE nal-ended or looped wires (#8 and smaller) 


® Painted marking areas,—or separate marking strips. 














* Fanning strips available in 2 thru 24 circuit lengths. 


Write now for Bulletin M8 


Gasaccumulator Co. (Canada) Ltd. ~ ELECTRICAL PRODUCTS 


IN CANADA CORPORATION 


12 Gower St., Toronto 16, Ontario ILE SIDS, NEW vEeRSEY 


Phitips Export Co. tne. 
EXPORT / 


100 E. 42nd St., New York, N. Y. 
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for heavy-duty or fractional HP motors 


7 ~@ Whether your motors require large or small slot in- 

bps pa 
production with uniformly accurate, precision fabri- 

cated INMANCO Motor Slot Insulators. Ready for 

FABRICATED __ ixmrton, nManco parts are specially fabricated 
by methods that permit full retention and utilization 

of the characteristics of the material from which they 


MOTOR SLOT are made. The material is converted to a shape which 


usually enhances the original properties and provides 
other plus values. Because of the wide choice of ma- 


INSULATORS tre csice ropertic required tr speci application 
Write for new INMANCO Catalog, today. 


grec Rica Inmanco products are manufactured exclusively by... 


el 1+ INSULATION MANUFACTURERS CORPORATION 


—_ Sheet CHICAGO 6, ILLINOIS @ 565 W. Washington Boulevard @ Phone: CEntral 6-7320 
= 


Nic. —= ee CLEVELAND 14, OHIO © 1231 Superior Avenue, N. E. @ Phone: SUperior 1-2310 
SULATIO 


Offices, Representatives, and Distributors in Principal Cities 
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— lays in” easier. 


no damage to copper conductor. 


— safer in 


hot varnish solvents. 


— uniquely balanced 
properties provide better thermal life. 


Nyleze* is another example of the advanced magnet wires 
developed by Phelps Dodge through its Applied Research. 
It is a new combination of materials with highly desirable 
properties for use in such applications as series armatures 
and fields, stators, potted coils, random wound coils, toroids 

is tites angeat tie | and other difficult winding designs. These properties suggest 

is available in modern possibilities for cost economies and improved designs that 

non-returnable spools, reels . ‘ 3 

result in better operating performance of your equipment. 


and "Pakeze" containers 
*Nyleze is red in color 
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In This issue 


Materials, Electrical Electronic 


; Your Classification: 
Magnetic Materials 


Ferrites for High-Power R-F Tuning 


An evaluation of commercially available ferrites for power 
tuning application in the 2.5 to 30 megacycle range: (1) 
magnetic permeability and Q for samples (both demagnetized 
and under bias) as a function of frequency, r-f flux and tem- 
perature; (2) dielectric constant and Qp as a function of 
frequency and electric field intensity; (3) recommendations 
for future data to be supplied by ferrite manufacturers. 


P. P. Lombardini and R. F. Schwartz, University of Pennsyl- 
vania, Philadelphia, Pa. 


Electrical Manufacturing 


1958 August p 60 12 pp 


Control Your Classification: 
Systems and Servos 

Components, Electrical /Electronic 
Semiconductor Devices 
Magnetic Components 


Transistor Circuits Alter Magnetic 
Amplifier Frequency Response 


A simple and convenient means of employing transistors to 
shape the dynamic response of self-saturating magnetic ampli- 
fiers without disturbing the d-c gain or adding drift problems. 
Circuit design parameters are included. 


J. C. Taylor and C. L. Wyman, Redstone Arsenal, Alabama. 
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Basic Science and Engineering 
Mathematics 

Computers 
Computer Design 

Control 
Theory 


Your Classification: 


Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 


Fourth of five articles on the “Engineering Applications of 
Boolean Algebra.” 


Boris Beizer, Airborne Instrument Laboratories, Mineola, se 
and Stephen W. Leibholz, Republic Aviation Corp., Farming- 
dale, N. Y. 


Electrical Manufacturing 1958 August p 108 10 pp 


Control Your Classification: 
Systems & Servos 

Design Considerations 
Specifications & Standards 


Dynamic “In-System” Specifications 
for Control Components 


A report on proposed application of dynamic system data in 
the specification of control components by a subcommittee of 
the AIEE Feedback Control Systems Committee. Discussion 
includes examples of dynamic tests on typical important com- 
ponents and their meaning to system and component de 
signers. 


D. D. Pidhayny, The Ramo-Wooldridge Corporation, Los 
Angeles, California. 
Electrical Manufacturing 


1958 August p 727 pp 


Design Considerations 
Miniaturization 


Your Classification: 


Microminiature Components for 
Electronic Circuits 


Microminiaturization techniques, utilizing such elements as 
printed wiring and printed components, uncased diodes and 
transistors, have achieved significant results in package size 
reduction. For example, circuit densities up to 2800 com- 
ponents per cu in. have been attained in laboratory models of 
a binary counter stage as against earlier design with a density 
of 7 components per cu in, 


N. J. Doctor and E. M. Davies, Diamond Ordnance Fuze 


Laboratories, Washington 25, D. C. 
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Control Your Classification: 
Case Histories 


Automatic Operation in Package 
Sorting 


The Railway Express assorter conveyor can be operated at a 
speed of 200 ft per min and can handle 4000 individual pack- 
ages an hour. The system’s design and operation are described. 


Staff Report 


Electrical Manufacturing 


1958 August p 118 3 pp 
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®@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Motors Your Classification: 
Integral-Horsepower 

Components, Electrical/Electronic 
Protective Devices 


Built-In Overheat Protection for 
Three-Phase Motors 


The design objectives in the development of thermostatic 
built-in protectors for three-phase motors are outlined. Results 
of tests comparing motor temperatures under various load 
conditions and using both built-in and remote-relay protection 
are shown. The discussion includes application aspects and 
advantages of built-in protection. 


V. G. Vaughan and R. M. Glidden, Spencer Thermostat Div., 
Metals & Controls Corp., Attleboro, Mass. 


Electrical Manufacturing 1958 August p 79 5 pp 


Components, Mechanical, Structural Your Classification: 


Gears and Pinions 
Control 
Systems and Servos 


The Load-Torque Factor in Precision 
Gear Backlash 


Particularly in gear assemblies for instrument and precision 
applications, backlash is an important question in both design 
and performance. Analytical and direct-test methods are out- 
lined for segregating the various factors that contribute to 
total backlash, leading to a general procedure for its evaluation 
in specific gear-trains. 


W. Aksamit, Bowmar Instrument Corp., Fort Wayne, Ind. 


Electrical Manufacturing 1958 August p 98 4 pp 


Design Considerations Your Classification: 


Specifications and Standards 
Association and Professional Activities 
Joint Industry Conference 


Electronic Standards for Industrial 
Equipment 


To be used in conjunction with the Joint Industry Conference 
(JIC) Electrical Standards for Industrial Equipment, these 
General Motors electronic standards are being disseminated 
as an aid to the maker of electronic equipment for heavy in- 
dustry. 


Plant Engineering Electronics Committee, General Motors 


Technical Center, Detroit 2, Mich. 


Electrical Manufacturing 1958 August p 121 5 pp 


Subject Classification, circle Number 738 on page 17. 


Materials, Electrical/Electronic Your Classification: 


Electrical Insulation and Dielectrics 
Design Considerations 
Miniaturization 


Super-Thin Bonded Insulating Films 


Miniaturization of components in electronic equipment is de- 
pendent upon thin, space- and weight-saving dielectrics. 
Presented are methods of construction and evaluations of 
bonded insulating films for extremely small size capacitors. 
The same techniques are applicable to foil coil transformer 
constructions. Tables and graphs show effective areas of elec- 
trical capacitance, dielectric properties and structural strength 
of the films. 


W. K. W. Chen and W. E. Estey, American Machine and 
Foundry Company, Springdale, Conn. 


Electrical Manufacturing 1958 August p 84 6 pp 


Components, Electrical/Electronic Your Classification: 


Wiring Devices 


Applying Glass-to-Metal Seals 


Application notes for matched and compression seals for elec- 
trical and electronic components and assemblies. Characteris- 
tics, limitations and design criteria are presented as a design 
aid for optimum utilization. 


J. Comer, L. L. Constantin & Co., Lodi, N. J. 


Electrical Manufacturing 1958 August p 102 6 pp 


COMING UP... 


The September issue will bring the fifth (and concluding) 
article in the series on the Engineering Applications of 
Boolean Algebra. The whole series (together with an appendix 
on tabular reduction techniques and an extended bibliography) 
will be published in combined reprint form (see Part IV in 
this issue) .. . Also articles on Power Silicon Rectifiers .. . 
Effect of High Energy Radiation on Electronic Parts and 
Materials . . . Materials Handling of Epoxy and Polyester 
Resins . . . Magnetic Properties of Stainless Steel . . . D-C 
Servos with Transistors . . . Aircraft Electrical Control Dia- 
grams . . . Automatic Circuit Analyzer . . . Numill-Transis- 
torized Numerical Control .. . the method of Least Squares 
in linearity testing . . . and a group of three papers on some 
Human Factors in Instrument Design. 
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Magnetic Metals Company offers 
a new improved HYMIU “80” 
for higher permeability laminations 


@ Through the use of newly de- 
veloped magnetic alloys, recently 
made available to Magnetic Metals 
Company, laminations of the type 
shown here are now obtainable in 
both .006” and .014” improved 
Hymu ‘80°’. Permeability rejection 
levels at low inductions will aver- 
age 30 to 50 percent higher for these 
laminations thanare nowineffectfor 


standard Hymu “80” laminations. 

Intensive work on the exacting 
details of annealing practices, as 
well as on melting and rolling 
techniques has made possible these 
superior characteristics. Stock will 
be maintained in both .006” and 
.014” material. Prices will be quoted 
upon inquiry based on quanti- 
ties required. 


Test set-up devised to check low induction permeability. 


® MAGNETIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 2ist ST. » CAMDEN 1, N. J. 


Circle 107 on page 17 
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research 
Horizons 


High-Temperature 
Strain Gages 


The maximum temperature at which 
the wire-resistance paper-backed strain 
gages will operate is about 350 F. 
Above this temperature, the organic 
cements deteriorate. For high-tempera- 
ture applications, the National Bureau 
of Standards is attempting to solve this 
problem in two ways: 
through use of ceramics in place of or- 
ganic employing 
directly-deposited conducting films in- 


deterioration 
materials, and by 


stead of wires. 

The work on ceramic-bonded gages 
has been under way for the past three 
years. From this investigation has re- 
sulted a new gage. called the 5B de- 
sign, which gives usable static-strain 
data up to 800 F. 

The gage consists of two straight 
wires, 0.001 in. in diameter by 7% in. 
in length, welded to narrow strips of 
0.002-in. Inconel foil. The strips, which 
form the leads and shunt at the bottom 
of the gage, are crimped to a backing 
of asbestos paper previously coated 
with a thin layer of ceramic cement. 
The same cement is used to attach the 
gage to the surface of the test struc- 
ture. Measurements have shown that 
the filament wires are from 0.001 to 
0.002 in. from the test surface after the 
gage has been applied. 

Another approach to the develop- 
ment of a high-temperature strain gage 
involves the use of deposited metal or 
alloy films in place of attached fila- 
ments as strain gage elements. In 
studies of the resistance-strain proper- 
ties of films evaporated from 22 metals, 
the Bureau found all films to be strain- 
sensitive. The foundations were an ano- 
dized aluminum strip coated with sili- 
cone resin and having silver contacts, 
and a porcelain-coated steel strip with 
platinum contacts. 

Although several of the elementary 
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metals gave satisfactory resistance- 
strain curves at room temperature, at 
higher temperatures (starting at 200 
F) resistance and gage factor were 
found to decrease. For these reasons 
attention was turned to the development 
of an alloy that would retain its resist- 
ance properties at elevated tempera- 
tures and over long time intervals. Sat- 
isfactory results up to 750 F have been 
obtained with an alloy film evaporated 
from a mixture of iron, aluminum and 
titanium powders. 

In addition to strain-sensitivity and 
durability, material suitability depends 
on factors such as_ resistance-strain 
stability, linearity. 
Some drift, hysteresis and non-linearity 
were noted in all resistance strain 
curves for elementary metals. However, 
the alloy appeared to be stable under 
all test conditions. 

Transferable film gages on foil foun- 
dations have been produced and found 
suitable for use with organic cements 
up to 450 F. However, loss in shear 
strength of the cements limits their use 
at this temperature. Ceramic cements 
do not as yet offer a solution to the 
problem as they do not cure properly 
when confined between the two non- 
porous surfaces. 


reversibility and 


New AEC Royalty-Free 
Patents Released 


Latest list of AEC patents released to 
industry on a non-exclusive, royalty- 
free basis include these pulse systems: 

Negative Gate Generator. Rectangu- 
lar pulse generator incorporates thyra- 
trons as switching elements to discharge 
a first capacitor through a load re- 
sistor to initiate and provide the body 
of a pulse, and subsequently discharge 
a second capacitor to impress the poten- 
tial of its charge, with opposite poten- 
tial polarity across the load resistor to 
terminate the pulse, Accurate rectangu- 


lar pulses in the millimicrosecond 
range are produced across a low im- 
pedance by this generator. (Patent No. 
2,822,472. ) 

Pulse Duration Lengthener. Pulse 
modifying apparatus provides a rise 
time and time base expander for signal 
pulses having a very short duration. 
The basic element is a vacuum tube 
comprising a charged particle beam, 
grid control means, an _ accelerating 
electrode, a drift tube, and a collector 
electrode. As the short duration input 
pulse modulates the particle beam 
through the grid control means, the 
voltage between the drift tube and ac- 
celerating electrode is caused to vary, 
whereby the output signal from the 
collector is a pulse having longer rise 
time, expanded duration and _ propor- 
tionate characteristics of the original 
pulse. The invention is particularly 
useful where subsequent pulse cir- 
cuitry does not have the frequency 
bandwidth to handle the short duration 
pulse without distorting it. (Patent No. 
2,822,473. ) 


Porcelain-to-Aluminum Seal 


A new method for sealing aluminum 
to high-voltage electrical porcelain has 
been devised by Westinghouse ceramic 
materials engineers. A mechanically 
reliable, vacuum-tight seal brings high- 
purity aluminum and porcelain or other 
alumina-silica ceramics into contact 
with one another under carefully con- 
trolled temperature and temperature- 
change conditions. 

The technique, still in laboratory de- 
velopment, is said to eliminate the dis- 
advantages of other methods for making 
the seal: failure by leakage of me- 
chanical seals caused by differences in 
thermal expansion; leakage of organic 
sealing or gasketing materials that de- 
teriorate in use; and costly intermediate 
steps required in other chemically 
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bonded seals between porcelain and 
aluminum. 

In the new Westinghouse method, the 
seal is effected by bringing the porce- 
lain (at a high temperature) in contact 
with molten aluminum. Thickness of 
the chemical bond obtained is depend- 
ent upon the composition of the porce- 
lain, the temperatures and the holding 
time. The rates of heating and cooling 
are also important in preventing dam- 
age to the porcelain by thermal shock 
and in achieving a desirable grain 
structure in the aluminum. Tests have 
shown that the bond material is 
stronger than either the aluminum or 
the porcelain. 

The large difference in thermal ex- 


“Research Note 


Electrical Contact 


THREE-DAY SEMINAR on Electrical Contacts 
held at The Pennsylvania State University 
is an annual event that concentrates on 
up-to-the-minute problems and advances in 
contact technology, as reported by en- 
gineers and scientists working in these 
areas. Now in its fifth year, the seminar is 
conducted by the University Department 
of Electrical Engineering with Associate 
Professor Ralph E. Armington as chairman, 
and with the cooperation of various man- 
ufacturers and users of electrical contacts. 
e@ The seminar consisted of lectures and 
discussions organized with small groups 
devoted to particular topics. 

e@ The subjects of the papers presented 
and also the recurring emphasis on investi- 
gation and analysis create an overwhelming 
impression of the dominant role of applied 
research in the specific development and 
design of latter-day electrical devices. As 
is characteristic of all research beyond the 
rudimentary, effective physical inquiry into 
the true nature of contact behavior is 
largely a matter of the invention and 
improvement of highly specialized equip- 
ment and methods necessary to generate 
meaningful results. In the paper “Contact 
Resistance Measurements at Low Loads,” 
presented by Dr. D. G. Flom of the General 
Electric Research Laboratory, there was 
described a further refinement of the fine- 
wire loop technique for contact surface 
exploration originally developed by R. H. 
Savage and Dr. Flom. In the new approach, 
a quartz fiber with an attached precious- 
metal or other contact takes the place of 
the wire loop, and provision is made for 
gradually increasing the force of applica- 
tion of the probe. The technique of using 
the new probe for contact studies and the 
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pansion between aluminum and porce- 
lain is accommodated by the high- 
purity aluminum. It is very soft and 
can flow to relieve stresses due to the 
thermal expansion mismatch. Seals 
must be designed so as to have the 
porcelain in compression and the alumi- 
num in tension. 


Wide-Range Cryostat for 
Low-Temperature Research 


The control system for cryostats used 
for precise low-temperature studies of 
electronic elements is analogous, in 
principle, to the operation of a house- 
hold electric oven. As designed by 
R. D. Goodwin of the Cryogenic Engi- 
neering Laboratory, National Bureau of 
Standards, Boulder, Colorado, opera- 
tion is as follows: 

e The low-temperature cryostat en- 
vironment is provided by a liquefied 
gas, such as liquid nitrogen, allowed to 
boil freely at atmospheric pressure. 
Thermal conduction between 
and environment is controlled by ad- 
justing the pressure of a gas employed 


“oven” 


for heat transfer in the intervening 
space. The oven contains a thermome- 
ter and an electric heater. Manual ad- 
justment of the gross level of heating 
determines how “hot” the cryostat oven 
will be compared to the liquefied gas 
refrigerant. Automatic control of the 
heating at this level maintains a con- 
stant temperature, despite small 
changes in the temperature of the 
liquefied gas environment or heat ef- 
fects produced in the oven by test ele- 
ments. 

e The resistance thermometers in the 
bridge circuits have been designed both 
for ease of adjustment over a wide tem- 
perature range and for optimum prac- 
tical sensitivity. The maximum allow- 
able change of temperature of the cryo- 
stat oven produces a useful signal from 
the resistance thermometer bridge of 
the order of one microvolt. 

e A drift-free amplifier with a gain of 
about one million is required. Spurious 
signals must not exceed 0.1 microvolt. 
The signal is applied to a power regu- 
lator for control of the electric heating 
of the cryostat oven. 


Research Involves Test Methods and New Theory 


various critical aspects of constructing the 
equipment were fully described. 

e In “Basic Mechanical and Electrical 
Principles Governing Sliding Contacts,” by 
Dr. W. E. Campbell, there was presented 
a theoretical basis for certain experimental 
relations observed between contact resist- 
ance, load, contact wear and voltages. Dr. 
Campbell, of Cleveland, Ohio, is now a 
consulting engineer; he was formerly with 
the Bell Telephone Laboratories and the 
Clevite Corp. 

e Resistance change with load for a 
clean precious metal contact, under static 
conditions, is generally attributed to me- 
tallic contact being established at a number 
of discrete points in the area of contact by 
plastic flow and cold welding of minute 
rough spots in the contact under load. 
For a clean base metal the real area of 
contact is partly metallic and partly an 
oxide film except at very low loads, when 
the contact area is all covered by oxide 
film. When a contact area is partly metallic, 
the metallic area is enlarged at a given 
load when the voltage across the film is 
increased to a value producing a temper- 
ature sufficient to cause melting or softening 
of the metallic junctions. In sliding without 
current, the wear relations may be very 
complex. The rate of wear at a given speed 
can be explained by assuming that the 
cold-weld bonds discussed above are con- 
tinuously made and broken with resultant 
mutual transfer of metal and the breaking 
away of metal fragments. 

e A recent theory assumes that at each 
encounter of localized regions there is a 
definite probability (K) that a wear par- 
ticle will be produced. Assuming its shape 
to be hemispherical with a radius equal to 


that of the contact region, assumed circular, 
it is found that: 


; K.P 
YW P,, 
where W = wear rate 
s = the sliding distance 
P = load 
P,, = the flow pressure of the 
softer metal 


e Of course, in any real case of sliding 
contact, numerous other factors enter. Slid- 
ing with current produces phenomena that 
can be explained in principle by the fore- 
going theory modified to take account of 
the effects of voltages and currents that 
break down films and soften substrate 
junctions. 


@ Methods and equipment were again 
stressed in “Some Measurements of Contact 
Resistance in an Accelerating Air Atmos- 
phere,” by Bruce E. Blake, Associate 
Physicist of the International Business 
Machines Corp. In this, a broad-front in- 
quiry into the relations between low- 
current contact reliability and contact 
materials, environment, pressures and other 
factors was made possible by directing 
painstaking attention to the test methods, 
physical arrangement of test contacts and 
conditions, and the analysis of results. “A 
New Method for Testing Contacts,” by 
R. L. Barns of the Bell Telephone Labo- 
ratories, and “The Influence of Dust on 
Light Load Electric Contacts,” by J. B. P. 
Williamson of the Cambridge, England, 
Tube Investments Research Laboratories, 
were also among the many other papers 
presented that concentrated on test and 
evaluation procedures and the philosophy 
of test-result analysis. —A. E. R. 
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“Atomic” Amplifier 
Demonstrates Unilateral Gain 


The Phileo maser, shown in the 
photograph, is the first “atomic” am- 
plifier to demonstrate unilateral (one- 
way) gain of microwave energy by 
means of two electrically isolated cav- 
ities connected by a beam of neutral 
ammonia gas molecules in a cryogenic 
system. Energy is transferrred from 
one electromagnetically isolated point 
to another by the flow of these mole- 
cules. 

As the oscillating molecules pass 
through the cavity, 
radiation is developed and 


second electro- 
magnetic 
it appears in the output waveguide. 
Thus, 
achieved 
effects. 
The original concept of amplification 


unilateral amplification is 


without aid of electronic 


and oscillation by uncharged molecules 
through use of a maser was demon- 
strated by Columbia University in 1955. 
Prior to the development of the Philco 
“atomic” amplifier, all maser ampli- 
fiers were basically bilateral devices 
and had all the problems of common 
input-output terminals. 

Electronics has achieved its greatest 


“Research Note 


A NEW TYPE OF dipole antenna has been 
developed at the Research Institute of Na- 
tional Defense in Sweden which, at a 
length of 0.25 to 03 
matched to a coaxial line or a twin line. 


wavelengths, is 


In principle the antenna may be considered 
as a special form of a folded dipole (or 
unipole). The principle of this design* 
has been particularly advantageous in at- 
taining a low-height, broadband unipole 
antenna in which the radiating and feed- 
ing elements may form parts of a micro- 
strip system. Other applications have also 
been considered, such as shortened an- 
tennas for VHF and UHF TV and broad- 


cast receivers. 


e The microstrip design has provided an 
improved solution to some aircraft antenna 
problems within the VHF and UHF ranges. 
The mechanica] and aerodynamical as well 
as the electrical demands on _ external 
antennas for small high-speed aeroplanes 
are very severe. Built-in cavity-type an- 
tennas are in many cases not feasible, 
because of large space requirements, small 
bandwidth and the poor radiation pattern 
partly caused by the limited choice of 
locations. 


e In external antennas, major disadvan- 
tages such as drag and other aerodynamical 
disturbances, risk of damage and ice for- 
mation, and necessity for reinforcement at 
the antenna base become more critical as 
the height of the antenna increases. In 
view of this factor, low height is a primary 


*A detailed analysis has been published by the 
author under the title “The Quarter-Wave Dipole.” 
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LIQUID NITROGEN COLD TRAP 


AMMONIA SOURCE 


HIGH VOLTAGE FEED~- THROUGH 


CAVITY 


versatility and reliability through the 
inherently unilateral amplifying prop- 
erty of vacuum tubes and transistors. 
maser promises 
applications — for 


The new unilateral 

equally important 

atomic amplifiers. 
The Philco maser has demonstrated 


requirement; it also facilitates the choice 
of antenna locations. 


e@ On the other hand, the breadth of the 
antenna may be large. For aerodynamic 
considerations a large aspect ratio of the 
profile, generally of the order of 10 to 20, 
is desirable. 


e@ The described microstrip aircraft an- 
tenna functions basically the same as an 
open folded unipole with displaced feed 
point. The broader conductors of a micro- 
strip system form radiating elements that 
greatly increase the bandwidth compared 
with that of a thin open folded unipole. 
With the microstrip design, impedance- 
correction elements may also be built into 
the antenna structure. The antenna is 
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EIGHT-ELEMENT FOCUSER 


INPUT CAVITY 


OUTPUT CAVITY 


OUTPUT WAVEGUIDE 


INPUT WAVEGUIDE 


the predicted physical phenomenon 
of prestimulation of molecules in an 
excited state. Prestimulation in a two- 
cavity device promises to provide a 
greater degree of freedom for control- 
ling the gain-bandwidth properties of 
an “atomic” amplifier. 


Microstrip Design for Aircraft Antenna 


mechanically supported by a fiber-glass 
covering, which is given a proper aero- 
dynamic shape. 
e The bandwidth is about 25% at a 
VSWR less than 2. The height of the an- 
tenna is about 0.16 (wavelength) at the 
mean frequency. Another variant, when 
mounted on the fuselage of an airplane, 
has the relative bandwidth 2.5:1 at 
a VSWR less than 3.3. No parallel stub is 
used in this case. The height is about \/8 
at the low-frequency limit. 
e@ Mounted on a circular ground plane the 
radiation patterns of these antennas are 
wholly omnidirectional. 

BENGT JOSEPHSON 

Research Institute of National Defense 

Stockholm, Sweden 


Matching 
stub — 


j—Feed line 


ae 
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A Swedish design for external broadband antenna for high-speed small aircraft utilizes 
a microstrip arrangement to attain low height and other desirable factors. 
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PRESSITE—an absorbent, unsized 
material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 

Pulp Products Department 
230 Park Avenue 

New York 17, N.Y. 
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Pius or Minus 


Random Comments of the Editors and Readers 


Techniques for Better Talks 

The delivery of a presentation at a 
technical conference has long been a 
trial for both the speaker and the lis- 
tener. The former is urged to make 
such presentations by his company and 
generally he really desires to get his 
story across. The listener attends the 
meetings at his company’s behest and 
usually is genuinely interested in gain- 


ing information from the speeches; but 
now seldom the twain meet! 

In an effort to solve this predica- 
ment, the Western Electronic Show 
and Convention has prepared a_book- 
let entitled “Techniques for Better 
Talks at WESCON” which they are 
sending to all of those who will “pres- 
ent papers” at the convention (one 
of the principle points the book makes 


QUOTES AND QUESTS 


e Control motor gears and lubri- 
cants 


“I am chairman of a task committee on 
control gearing of the American Gear 
Manufacturers Association (AGMA). Gears 
being tested are made of aluminum with 
Martin Hard Coat, titanium, beryllium 
copper and steel alloys. We have tested a 
few greases in ball bearings subjected to 
temperatures from —65F to +400F and 
a few greases on gears at temperatures 
+75F to +300F. Within the committee 
there are others conducting similar inves- 
tigations and I am trying to set up a dura- 
bility testing program. Another committee 
has been formed, having to do with gear- 
head control motors, as a result of the 
desires of users and manufacturers for the 
standardizing of combined gear heads and 
control motors (formerly called servo 
motors). Information may be obtained from 
John Sears at AGMA headquarters.”— 
Clarence A. Underwood, Gear Consultant, 
Raytheon Manufacturing Co., Wayland, 
Vass. 


e Light valves 


“We are endeavoring to determine the 
names of manufacturers of light valves or 
light modulating devices. Our basic require- 
ment is for a light valve to provide intensity 
control of 500—1000 watt lights over an 
approximate range extending from maxi- 
mum to 20 per cent of maximum. This de- 
vice is to operate at a rate of approximately 
10 cycles per second.”—Jack G. Kunz, 
Chief Engineer, Schulmerich Electronics, 
Inc., Carillon Hill, Sellersville, Pa. 


e Graphic operating instructions 


“Reference is made to Mr. Dudley’s inves- 
tigation and his well organized article on 
‘Graphic Form for Operating Instructions’ 
that appeared in your December 1957 issue. 
I feel that the author’s ideas on processing 
and testing specifications cannot be con- 
sidered merely as ‘simplified operating 
instructions, for they may well lead to an 
entirely new concept of translating produc- 
tion processes for direct use by factory 
personnel. My own investigation of a weld- 
ing operation for the Western Electric Co. 


was a parallel development, and led to our 
formulation of graphic directions that were 
termed ‘Mental Motion Economy’ for lack 
of a formal definition. They appear to be 
in line with the method of teaching by 
sight recognition and with the use of illu- 
minated flowcharts in railroad switching, 
step-by-step panel layouts for complex 
machinery, and the like. It appears obvious 
that most non-automatic operations can 
more efficiently be interpreted in a tabul- 
ated form or in logic diagrams than by 
conventional operating instructions. The 
ease with which operators understood our 
tabulated instructions was in marked con- 
trast to their understanding of the same 
material written in its original paragraphs.” 

Dettmer H. Otto, Product Engineer, 
Western Electric Co., Inc., North Andover, 
Mass. 


e Lineless wiring diagrams 


“Many companies in the United States and 
throughout the world are making use of a 
simplified wiring diagram technique which 
was first disclosed in an article published 
in the January 1947 issue of ELecTRICAL 
MANUFACTURING under my by-line. The 
title was Wireless Wiring 
Diagrams of Control Panels.’ This sim- 
plified diagram was the work of one of 
our wiremen. Reprints were made of the 
article and since then requests have been 
received from all over the world for it. 
Unfortunately, it is now out of print. 
Evidence of the acceptance of the technique 
is given by the fact that the Industrial 
Education Institute has been advocating 
this simplified method in classes conducted 
throughout the country on ‘Advanced Tech- 
niques in Functional Drafting.” The seminar 
speakers included Westinghouse engineers 
who have adopted the description ‘lineless 


‘Using 


diagrams’ to cover a scale layout of com- 
ponents on a panel board using letters and 
numerals on each terminal but showing no 
connecting lines between.”—E,. J. Rivoira, 
Vanager Electro-hydraulic & Gaging Div., 
The Cincinnati Milling Machine Co. 


Readers are invited to air their “who makes 
it” and “why don’t they” problems. Ans- 
wers and comments are also welcome. 
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SELF-LUBRICATING 


prove a match for top payloads 
on ATHEY Rear Dump Trailers 


Oilite* Bronze Bearings have proven more than a match for the 
99 ; a avloade ay Re: aile 
22 and 34-ton payloads on Athey Rear Dump Trailers. TYPICAL PROPERTIS 


Oil-cushioned against shocks and impacts, these Oilite heavy-duty OF SELF-LUBRICATING BRONZE 
bearings have demonstrated that they will withstand years of OILITE BEARINGS t 
punishment and still give satisfactory service. They require only — ~ a 
infrequent lubrication and help Athey substantially increase the Porosity, % .... =. =. 18-23 
dependability of its hauling units. Yet, Oilite Bearings cost less Ultimate Tensile 

than many other type bearings! Strength, (psi) . . . 18,000 





No wonder more and more designers are specifying popular Oilite Compressive 

self-lubricating Bearings for motor vehicles, appliances, engines, Strength (psi) . - + 20,000 
power tools, machinery and countless other products. Elongation, = 

Contact your local Oilite Engineer today. He'll gladly provide by «sip gla ™ 
complete design information to help you make your bearing teen Donne 

and bushing applications low-cost, dependable and maintenance- ee 

free. Look for him in your telephone directory under “Bearings— 
OILITE” or write direct to Dept E-8. 











*® REGISTERED TRADEMARK 
ONLY CHRYSLER MAKES O 


the most trusted name in powder metallurgy 


— AMPLEX DIVISION 


CHRYSLER CORPORATION, DETROIT 31, MICHIGAN 
SELF-LUBRICATING BEARINGS ¢* PRECISION PARTS © METAL FILTERS © FRICTION UNITS 
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BAUSCH & LOMB 


COrR-2as 


Neu OPTICAL GAGE 


Direct scale reading to .OoOOO'’’... 


O’’to 3’ range...accurate to .9000025"'! 


FAST, EASY AS A-B-CI 


SF A Just set part to be measured on anvil . . . no mas- 

3 ters or set gages needed. Large work table makes 

‘i it easy to adapt special fixtures, accommodates 

ale widest variety of work. 

Turn knob to lower spindle... it will stop auto- 
matically on contact, with constant spindle pres- 
sure. 

C See precise measurement at a glance... direct- 
reading scale is illuminated, magnified. No eye- 
strain, no conversion, no guesswork. Depend- 
able measurement of depth, thickness, height, 
diameter, taper, angularity of surfaces, runout. 


ONLY °*695 COMPLETE 


=e Distributed in the U.S.A. through the DoALL Co iT 


BAUSCH & LOMB OPTICAL CO. 
84732 St. Paul St., Rochester 2, N. Y. 


On-the-job demonstration! 
JUST MAIL 
THE COUPON TODAY! 


I 

l 

[] I'd like a free on-the-job demonstration of 

| the new B&L DR-25 Optical Gage, with no 
obligation on my part. 


( Please send Catalog D-285. 


PFU O Ors CAPA OIIES EE Name 
W Address 
City Zone State 


Company 
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is that the speaker is to give a talk, 
not a paper). It gives practical sug- 
gestions on visual aids and their use, 
the do’s and don’t’s of an oral presen- 
tation, and advice on preparing the 
material—and all in a concise, straight- 
forward, usable manner. We recom- 
ment the whole project highly. —J.r.r. 


“‘Magnetic Amplifiers 
for Digital Computers” 


E. W. HOGUE 

Data Processing Systems Laborator) 
NATIONAL BurREAU OF STANDARDS 
Washington 25, D. C. 


In the drawings accompanying the 
above-titled article on page 150 of the 
May 1958 issue, the polarity of all the 
crystal diodes shown is wrong. The 
anodes and cathodes of all diodes 
should be interchanged. The circuits as 
shown are inoperative. 


For Sale one editor, one draftsman. 
Cheap! 
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This Month‘s Cover 


While the transistor has done more than 
any other single component to revolution- 
ize the electronic industry in the last few 
years, work is constantly in progress to 
improve it and broaden its applicability. 
The photo on the cover, which is through 
the courtesy of Bell Telephone Labora- 
tories, shows in microscopic detail a 
transistor with an intrinsic layer or a 
p-n-i-p construction. It is particularly ap- 
plicable to high-power, high-frequency 
work. Three strips of gold are vacuum- 
deposited on the silicon base for con- 
necting the leads which are attached by 
thermocompression bonding. Surrounding 
the photo are typical graphical symbols 
for transistors taken from the new Pro- 
posed Standard No. 426 of the AIEE with 
prominence being given to the symbol 
for the p-n-i-p type. 
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better 
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You too will find it pays to use Cutler-Hammer Motor 
Control; it installs easier, works better, and lasts longer. 
For detailed information write Dept. Q231 
CUTLER-HAMMER Inc., Milwaukee 1, Wisconsin. 


THE DETROIT SCREWMATIC 750 MANUFACTURED BY 
THE GEAR GRINDING MACHINE COMPANY INCLUDES 
CUTLER-HAMMER THREE-STAR MOTOR CONTROL AS 
ORIGINAL FACTORY EQUIPMENT. 


THE 300 GPH NOMINAL CAPACITY WASTE HEAT FLASH 
EVAPORATOR BUILT BY CLEAVER BROOKS COMPANY IS 
EQUIPPED WITH CUTLER-HAMMER THREE-STAR MOTOR 
CONTROL AS ORIGINAL CONTROL EQUIPMENT. 


THE S. A. WOODS MACHINE COMPANY 409M STREAMLINED FAST 
FEED HEAVY DUTY PLANER AND MATCHER COUPLED WITH THEIR 
469M HEAVY DUTY BLANKER IS EQUIPPED WITH CUTLER-HAMMER 
THREE-STAR MOTOR CONTROL AND OIL-TIGHT PUSHBUTTONS. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 
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Wide range of premix moldings by the Plastics Division of General American Transportation Corporation includes: automotive air cenditioning cabinet for O. A. Sutton Corp., 
Inc.; Silvertone portable TV cabinet for Sears, Roebuck and Co.; air duct and glove compartment for a leading automobile manufacturer; vending machine air duct for Vendo Co. 


Premix moldings give you all three... quality, economy, versatility 


Like to market better products and cut costs at the same 
time? Then premix moldings are for you! 


When resins and reinforcing fibers are blended beforehand, 
more complex molds are not only possible but completely 
practical. Slots, grooves, holes, bosses and parts with varying 
wall thicknesses can be formed right in the mold. And 
whether the part is simple or complex, you'll get moldings 
with uniform strength and wall thicknesses. Premix moldings 


are improving products and cutting costs for a wide variety 
of industries using strong, rigid, reinforced plastics. 


Molders across the nation rely on Dow Vinyltoluene and 
Dow Styrene for top-quality premix moldings. They can 
help you to better products at lower costs. For the names 
of molders and suppliers, contact your nearest Dow Sales 
office or write to THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Plastics Sales Dept. 2206]-1. 


YOU CAN DEPEND ON 
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OPEN OUT FOR CONVENIENCE 


Electrical 


Manufacturin 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 


oO 
o 





IN CHECKING 


INQUIRY CARDS 


Advertised Products 


Circle key numbers of those advertisements if 


you desire more information about what is ad- 


vertised. 


post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- Latest catalog and bulletin offerings starting on = 
cate the principal product of your plant or page 244 
laboratory. - 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 254 


New Components and Materials 


Reviews of new developments starting on 
page 136 


New Literature 


Cards will be processed by publisher 
if received by October |, 1958 
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103 128 153 178 | 203 228 253 278 | 303 328 353 378 | 403 428 453 478 503 518 533 548 563 578 593 608 | 623 638 653 668 683 | 703 718 733 
104 129 154 179 | 204 229 254 279 | 304 329 354 379 | 404 429 454 479 504 519 534 549 564 579 594 609 | 624 639 654 669 684 | 704 719 734 
105 130 155 180 | 205 230 255 280 | 305 330 355 380 | 405 430 455 480 505 520 535 550 565 580 595 610 | 625 640 655 670 685 | 705 720 735 
106 131 156 181 | 206 231 256 261 | 306 331 356 381 | 406 431 456 481 506 521 536 551 566 581 596 611 | 626 641 656 671 686 | 706 721 736 
107 132 157 182 | 207 232 257 2862 | 307 332 357 382 | 407 432 457 482 507 522 537 552 567 582 597 612 | 627 642 657 672 687 | 707 722 737 
108 133 158 183 | 208 233 258 283 | 308 333 358 383 | 408 433 458 483 508 523 538 553 568 583 598 613 | 628 643 658 673 688 | 708 723 738 
108 134 159 184 | 209 234 259 284 | 309 334 359 384 | 409 434 459 484 509 524 539 554 569 584 599 614 | 629 644 659 674 689 | 709 724 739 
110 135 160 185 | 210 235 260 285 | 310 335 360 385 | 410 435 460 485 510 525 540 555 570 585 600 615 | 630 645 660 675 690 | 710 725 740 
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114 139 164 189 214 239 264 289 314 339 364 389 414 439 464 489 514 529 544 559 574 589 604 619 634 649 664 679 694 714 729 744 
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118 143 168 193 | 218 243 268°293 | 318 343 368 393 | 418 443 468 493 Individual 
119 144 169 194 | 219 244 269 294 | 319.344 369 384 | 419 444 469 494 
120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 Title Dept. or Div. 
121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 
122 147 172 197 | 222 247 272 287 | 322 347 372 397 | 422 447 472 497 Company 
123 148 173 198 | 223 248 273 298 | 323 348 373 398 | 423 448 473 498 
126 149 174 199 | 224 249 274 299 | 324 349 374 390 | 424 449 474 40g | Stee! hy om 
125 150 175 200 | 225 250 275 300 | 325 350 375 400 | 425 450 475 500 Felaalpad Qeadiaas 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
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Your information requests will be for- 
warded promptly—within 48 hours of receipt 
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cate the principal product of your plant or 
laboratory. 
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Article reprints, available without charge, are 
listed on page 254 





FIRST CLASS 
PERMIT NO. 45 
NEW YORK, N. Y. 

















BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 








POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK, 20, N. Y. 








ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 
To provide a source of dependable, stable power for the “Mariners 
Pathfinder’’, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating from a 32V, 110V or 220V DC ship’s 
supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to +3V and +0.6 cycles over a 20% variation 
in input voltage. It’s designed for a minimum of 10,000 hours 
trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 


Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 
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Arnold Tape-Wound Cores now offer you 
every feature you've been looking for 
,..at no added cost to you 











NEW COMPACTNESS 
in Aluminum-cased Cores 


Now you can build your designs around the last word in improved 
tape cores of high-permeability materials. Arnold 6T Cores in- 
corporate a new type of aluminum core box construction, with 
overall dimensions smaller than older types of aluminum cases, 
and comparable in size with ordinary plastic-cased cores. Result 
along with the distortion-free strength of the aluminum case, 
that resists winding stresses, you now get the compactness and 
miniaturization possibilities you've wanted. 














HERMETICALLY SEALED, 
with Built-in Protection 
against Shock and Vibration 


Magnetic properties of Arnold 6T Cores have the most complete 
protection available on the market. The cores are surrounded by 
an inert shock absorbent inside the cases, and then hermetically 
sealed: your best assurance of trouble-free performance, a strong 
consideration where the service involves long periods of standby. 
Inherent in the design, of course, is the further guarantee that you 
can vacuum-impregnate your coils 


1000-VOLT BREAKDOWN 
GUARANTEED! 


The revolutionary new type of core box construction developed 
for Arnold 6T Tape Cores employs a strong, inert covering for 
which 1000-volt breakdown is guaranteed. This covering possesses 
a hard gloss finish, and gives a suitable radius on all corners. The 
elimination of sharp corners insures against cutting through the 
insulation of the winding wire. The hard, non-cold-flowing finish 
protects against the wire cutting through the case covering, a 
double guarantee against shorted wiring 





MEETS MILITARY “SPECS” 
for Operating Temperatures 
and Temperature Rise 


Arnold's new type of hermetically-sealed aluminum core box con- 
struction fully meets the requirements of military specifications 
Mil-T-5383 or Mil-T-7210, wherever applicable. This involves a 
positive guarantee that the case construction will withstand 
ambient temperatures to 170°C, and a 25°C temperature rise. 


a 
* 


Arnold 6T Tape Cores will be available in all | THE ARNOLD ENG INEERING 8 , 


standard sizes, and special sizes may be made to | Main Office & Plant: Marengo, Illinois 3 
order... all guaranteed for size, hermetic seal, Repath Pacific Division Plant: 641 East 61st Street, Los Arigotes, Calif. 
dielectric strength and temperature of operation. eS — 





ie 


. * 


__ New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St., N.W. 
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Introducing Allied’s 


) “1000 


New Clear Protective Coating for 
All Metals ...as safe and easy to 
handle as Water! 


New method of protection incorporates corrosion inhibitors in a water- 
soluble polymer base. Dries to an extremely thin, tough, durable coating— 
clear in color. Does not chemically affect base metal or any post-treatments. 
Used as a protective treatment alone or to enhance value of post-treatments. 


Allied’s new Irilac #1000 is a concen- 
trated solution of a_ water-soluble 
polymer with built-in complex corro- 
sion inhibiting materials. It was de- 
veloped to answer the needs of the 
metalworking industry for a non- 
conversion process that will provide 
corrosion resistance and resistance to 
fingerprinting and abrasion on base 
metals and electrochemically or chemi- 
cally finished surfaces—without chang- 
ing the appearance of the metallic 
surface. 


There are no hazards involved—TIrilac 
is non-fuming, non-toxic, and requires 
no special fire prevention measures. 


THE PROCESS 


Irilac #1000 is diluted with water to 
provide a simple one-pass working solu- 
tion. It is then applied by dip, brush or 
spray and forms a coating that quickly 
bonds to the metal surface without re- 
acting with the surface. 


THE PROPERTIES 


The resulting coating is clear, trans- 
parent, thin yet durable. It has excel- 
lent water-resistant properties, and can 
be rubbed, handled and subjected to 
rough treatment. The surface to which 
Irilac has been applied is not altered— 
in fact, the transparent coating brings 
full tone to colored surfaces and clarity 
to iridescent surfaces. The water-thin 
physical characteristic of the solution 
means that the coating provides pro- 


tection in recessed areas that are 
difficult, if not impossible, to protect 
with other methods. 





STEEL PANELS: bare (left) and coated with 
Irilac (right) after 8-hour salt spray. 





ALUMINUM PANELS: bore (left) and coated 
with Irilac (right) after 168-hour salt spray. 


WHERE IRILAC CAN 
BE USED 


Irilac #1000 can be applied to any 
metal—wet or dry—treated or un- 
treated. All metals can be processed in 
one operation in the same solution. It 
can be applied in conjunction with any 
process—over Iridite, anodized, phos- 
phated surfaces, black oxide, etc. Sur- 
faces treated with Irilac provide a good 
base for paint. 


APPLICATION 
ADVANTAGES 


No other process or material available 
for the protection of metals offers all 
the application advantages found in 
new Irilac #1000: 


] It can be applied to any clean metal simply 
by dip, brush or spray. No special equip- 
ment is required. 


2 Saves time—just apply and dry—no re- 
action time required. 


No hazards involved—no exhaust or 
special fire protection equipment is re- 
quired. Irilac is non-fuming and non-toxic. 


4 Saves space. Presents no disposal problem. 
Low in first and final costs. 


Because of its versatility and complete 
safety, Irilac has unlimited uses. For 
example, it will protect aluminum 
furniture, brass hardware and fixtures, 
steel parts of all types, zinc castings, 
etc. In fact, any base metal or plated 
surface, or those treated with electro- 
lytic or chemical post-treatments, can 
be improved or enhanced with Irilac. 


IRILAC #1000 MAY BE 
THE ANSWER TO YOUR 
PROTECTION PROBLEM 


Our development staff will be glad to work 
with you to determine the significant bene- 
fits Irilac can offer you. Simply send us some 
parts and let us show you what Irilac can 
do. No obligation, of course. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 


BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC’™:, ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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3 New Midget Pliers by KLEIN 


Here is a new line of genuine Klein Pliers in oblique and long nosed See your distributor. 
patterns specially designed for wiring modern electronic assemblies No. 257-4 Oblique Cutting Plier. Size 4 in. 


321-44 Long Nose Plier 4, in. 
322-42 (Without Knurl) 4, in. 
224-4Y2 End Cutting Plier 4Y, in, 


or doing any close work in confined space. 

These midgets are hardly longer than your favorite package of 
cigarettes and their extremely small size will simplify many small 
close-tolerance jobs. 

Available in oblique cutting, long nose with and without knurl, 
and end cutting pliers. 


WELTER mn KLEIN & Sons 


a McCORMICK ROAD + CHICAGO 45, AICTE 
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from the company that really knows the electrical 


Ind ustrial La m | nates and electronics industry —General Electric 


Announcing General Electric Textolite 11574 
New self-extinguishing epoxy paper 


Ideal for printed circuits, unique paper-base laminate 
quenches fire in one second in UL flame test 
... exceeds NEMA XXX-P requirements .. . 
machines freely at room temperature 


Do you have a high-reliability application that’s too tough for conven- 


tional paper-base laminates? Self-extinguishing Textolite 11574 may e ® 
solve the problem. Check these extraordinary properties: 
Electrical: one million megohms insulation resistance in humidity. 
Mechanical: about twice the flexural and impact strengths of NEMA INDUSTRIAL LAMINATES 
XXX-P standards. Physical: best cold-punchability of any high- 


pressure laminate General Electric has ever tested; clean, precise G t WN £ B A L (J E LE CT g H C 


pierced and blanked parts. 


Consult Sweet’s Product Design File, Catalog 2b/Gen for technical data 
on the full line of reliable Textolite laminates. Fabricated parts come to 
you from independent local fabricators (listed in the Yellow Pages under 
“Plastics”), geared to give you speedy delivery. For expert help with 
special problems, write to Technical Service, Laminated Products Dept., 
Section EM-88, General Electric Co., Coshocton, Ohio. 
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PER CENT DECREASE IN STIFFNESS WITH 100°F. INCREASE IN TEMPERATURE 


How Temperature 
affects spring stiffness 


When service or operating temperatures 
are above room temperature, spring 
selection must take into consideration 
several factors usually of little conse- 
quence in ordinary service. 





These are loss of strength, thermal ex- 
pansion, deflection, drift and hysteresis. 


The first effect — loss of strength — is 
usually the most serious. What happens 
is that the safe stress carrying capacity 
of the spring material decreases at 
higher service temperatures and springs 
of ample strength at room temperature 
may be too highly stressed when heated. 


These effects may be small in many 
cases, but under some conditions they 
may be important, particularly when 
temperatures vary over a wide range. 
Where an accurately determined spring 
strength at elevated temperature is de- 
sired, the specifications covering load 
test at room temperature should be cor- 
rected for the change that will occur. 
The approximate amount of correction 
for 100° F change in temperature for 
various materials is shown in the chart 
above. 


With today’s increasing high-tempera- 
ture problems in many fields, proper 
spring selection is more than ever im- 
portant. The subject is discussed in our 
latest pamphlet, ‘High Temperature 
Springs."’ Write for your copy. 


e. 4 


Associated Spring Corporation 


General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
B-G-8 Division, Plymouth and Ann Arbor, Mich. 

Seaboard Pacific Division, Gardena, Calif. F. N. Manross and Sons Division, Bristol, Conn. Dunbar Brothers Division, Bristol, Conn. 
Cleveland Sales Office, Cleveland, Ohio San Francisco Sales Office, Saratoga, Calif. Wallace Barnes Steel Division, Bristol, Conn. 
Canadian Subsidiary: The Wallace Barnes Co., Ltd., Hamilton, Ontario and Montreal, Quebec sens 


Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 


William D. Gibson Division, Chicago 14, lil. 
Milwaukee Division, Milwaukee, Wis. 


AUGUST 1958 Circle 118 on page 17 27 





ELECTRICAL MANUFACTURING 





28% More Load-Carrying Capacity! 


Westinghouse 48-Frame Motors Give You 28% More 
Load-Carrying Capacity Than Ordinary Motors 


Here’s still another case where Westinghouse fhp motors give 
you that “‘something extra’’—the motor feature that makes 
your own product more salable. 

This time it’s a %-inch-diameter bearing where ordinary 
fhp motors are using smaller, %-inch bearings of the same 
length. It means that the Westinghouse motor’s larger load- 
bearing area gives you a 28° edge in load-carrying capacity! 

There are plenty of other advantages to our large-size 
bearing construction, too—for example, bearings wear less, 
last longer; lubrication is better, more uniform on the in- 
creased bearing surface; motor operation is smoother, quieter, 
more vibration-free than you’d ever expect (or get) from 
motors using smaller bearings. 

This is only one of the many competitive advantages that 
Westinghouse motors give your product. For the full story, 
please contact your nearby Westinghouse sales office, or 
write: Westinghouse Electric Corporation, Industrial Motor 
Department, Lima, Ohio, for Bulletin B-7240. J-03047 





YoU CAN BE SURE...1F iTS Westi nghouse 
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VINYL AND TEFLON TUBING INSULATING VARNISH SILICONE TAPE 


EPOXY RESINS 2 IN 1 ELECTRICAL TAPE TEFLON TAPE 


whatever the job... 


i 


ELECTRICAL PRODUCTS 


PeRMACEL- [EPAGE's inc. New Brunswick, N. J. 
TAPES-ADHESIVES*ELECTRONIC AND CHEMICAL MATERIALS 
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NORTH ELECTRIC 
IR-226 RELAY 
SENSITIVE 
COMPACT 
RELIABLE 


hermetically sealed, shock and vibration 
resistant, meets MIL-R-5757C 


In use in many airborne applications, specified 
as a component for power amplification in plate 
circuits, this sensitive, compact, reliable North 
Electric miniature relay has proven itself in count- 
less millions of operations. The IR-226 answers 
your requirements for a hermetically sealed, vi- 
bration and shock resistant relay that fully lives 
up to our 75 year old reputation for advanced 
engineering and precision production. 

The rotary armature principle incorporated in 
this relay, long recognized as THE approach 
which affords maximum security against malfunc- 
tion due to shock and vibration, was FIRST suc- 
cessfully engineered into this type of component 
by North Electric. 


IR-226 SPECIFICATIONS 


GENERAL 
Ambient Temperature Range... 65°C to +125°C 
...3 ounces maximum 
1%” above mounting surface 
‘ 1” square 
Enclosure... a est ‘ ........Hermetically sealed 
CONTACTS 
Arrangement ......Double Pole Double Throw (DPDT)* 
2 amps—30 voits D.C. resistive 


SHOCK TEST. 
VIBRATION TEST. 


SPECIAL RELAYS 

*Various coil resistances and contact arrangements available. 
Design may be specified to meet various Military Specifica- 
tions. Contact material available for low-level switching re- 
quirements. Write for detailed specifications. 


858 SOUTH MARKET STREET * GALION, OHIO 


Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 


NORTH ELECTRIC COMPANY Gn 
ee 
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General Electric Semiconductor News 
New controlled rectifier does all these 


Magnetic 
Amplifier 


>= 
=~ 
— 
he 
a 
—_ 


Maximum Allowable Ratings and Characteristics 


(Resistive or Inductive Load) 





ZJ39A ZJ39A 
40 75 





Continuous Peak Inverse Voltage (PIV) 40 75 
Transient Peak Inverse Voltage (Non- 
recurrent > 5 millisec) 35 60 100 
RMS Voltage (Vrms) 17.5 28 $3 
Average Forward Current (IF) Up to 16 amperes 

Peak One-cycle Surge Current (i surge) 150 amperes 

Minimum Forward Breakover Voltage (Veo) 25 1 40 ! 7S 
Maximum Forward Voltage (Vr Ave.) 0.75 Volts (Full Cycle Average) 
Moximum Reverse Current (In) 5 ma (Full Cycle Average) 
Maximum Gate Current To Fire (Icr) 25 ma 

Maximum Gate Voltage To Fire (Vcr) 3 Volts 


























Finer performance of G-E iow-current silicon rectifiers 
now within reach for all your requirements 





The time has c . -conside ssible ¢ 
MAXIMUM RATINGS AND SPECIFICATIONS Phe ime has come to recon ide r possible ap- 
plications of G.E.’s outstanding low-current 
silicon rectifiers in the 1N536, 1N440 Series 
b-C D-C One- Full-Load mn 7“ " “in b " 
Cont. | Output] Output} cycle | Forward Ambient (150°C line) .. . the 1N1487 Series (125°C 

RMS [Reverse] (150°C]} (50°C Surge Voltage | Leakage | Operating _— . seis ze a i 
PIV WoltageD-CVolq Amb.) | Amb.) | Current Grep | Current | Yome. line) ... and four recently added types in 
the 100°C area, the new 1N1692 Series. 


You'll find these devices more attractive to 





1N536-40, 50-600} 35-420] 50-600 1250 750 0.5 165 ‘ 
1N1095-9%6 series use than ever before—both in quality and 
, price—with equally fine values in low-cur- 
1N440B-445B series 100-600] 70-420] 100-600 | 300-500 [300-750 150-165 tee oe . 
(100°C) rent silicon stacks. Stud-mounted units are 
: also available. 

1N1487-92 series 100-600} 70-420]100-600 | 250 750 . . . _ . 
(125°C) ](25°C) General Electric low-current silicon recti- 
, fiers are designed for maximum forward con- 
1N1692-95 series 100-400] 70-280] 100-400]250 600 R , 

(100°C) K50°C) ductance at high operating temperatures. 
High current loads are carried without ex- 


ternal heat sinks. Reverse current at maxi- 





























volts volts | volts | ma ma 
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jobs, and more=-prices reduced 50% 


>..° . . ' = > . = C7 s ; 
‘e re ' Ss Ss > cases greater than 50% will enable 
The 239A Silicon Controlled Price reductions in some ca grea / é 


ee ae ee Cae hundreds of new users to become acquainted with General 


Thyratrons ~ it eqe ce thd 
Ignitrons Electric’s new silicon controlled rectifier. 
Magnetic amplifiers 
Power transistors 
Relays 

Switche . > . races . ° ‘ eR 
“cree combines features of both. In the reverse direction it acts 
Circuit breakers 


Neither a transistor nor a rectifier, this remarkable device 


like a standard rectifier. But it also blocks forward current 
..in these applications y , ols , 
PR eO until either a critical breakover voltage is exceeded or a 
- Leniediemane signal is applied to the third lead. Then it switches to a con- 
power regulation z 

Variable DC supplies 
DC to DC converters 
Frequency changers 


ducting state and performs exactly like a forward-biased 
ineariert silicon rectifier. 
Dynamic braking 
Constant current supplies 
Pulse width modulation 
Ignitron firing 

Welding control 
Temperature control 
Power pulse generator 


The controlled rectifier offers the circuit designer current 


ratings comparable to thyratrons, blocking voltages useful 


in industrial circuits, complete control of current turn-on 
...and many others without complicated circuitry, and switching speeds in 
microseconds. 

While in many ways similar to the gas thyratron, the con- 
trolled rectifier provides faster firing and recovery times, 
very low forward voltage drop, higher efficiency, absence of 
filament with attendant warm-up delay and power consump- 
tion, and higher-temperature operation. 

Check the sample ratings and suggested applications at 


left. Application data and specifications will be sent on request. 
MOTE STUD IS ANODE 





For fast delivery, lower prices, 
see your local G-E distributor! 


A recent check shows that General Electric transistors and rectifiers 
are being sold by local tube distributors for within pennies of the 
factory price on quantities less than one hundred—with the impor- 
tant difference that transportation charges are prepaid when you 
buy from your local G-E distributor. 

Increased stocking of semiconductors by local G-E distributors 
means you now have one source for all your electronic needs. General 
Electric distributors can also furnish you with a wide variety of 
technical information, application data and spec sheets. 

General Electric Company, Semiconductor Products Department, 
Section 520858, Electronics Park, Syracuse, N. Y. 











mum junction temperature is maintained at an 
extremely low level, making these devices ideal for 
low-leakage applications. 

Minimum forward voltage drop and a hermeti- 
cally sealed case have produced silicon rectifiers 
whose reliability exceeds all existing MIL specs. 
A comparative evaluation shows that G-E devices 
have the highest resistance to thermal runaway at 
maximum full load operating temperatures. Ther- 
mal shock and temperature-cycle tests show a closer 
match of materials for expansion and contraction, 
to protect against breaking the hermetic seal and 
shattering the silicon pellet. 

Ask your G-E semiconductor representative for 
the “big news” on low-current silicon rectifiers. Or 


write for more information. 


AUGUST 1958 
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Got a Normal 
Starting 
Application? 


Single-phase 
Type RK 
Ye through 5 hp. 


WAGNER CAPACITOR-START MOTORS 


provide dependable starts...long troublefree life 


Here’s the single-phase general purpose motor that gives _ that permits operation in any position. All angle mount- 
more horsepower with less bulk—is rugged enough to ing can mean important savings in initial costs to manu- 
permit direct mounting, compact enough to fit in tight facturers—can help the design engineer in a tight spot. 
spots. Available with sleeve or ball bearings—with rigid é 
bases or with resilient mountings for exceptionally 
quiet operation. 


You can get these motors from leading motor distributors 
in your community and from Wagner Sales Offices in 
32 principal cities. Your Wagner Sales Engineer will 
ALL-ANGLE OPERATION—The sleeve bearing design be glad to help you select the right motor for your 
in fractional hp ratings, has a positive lubrication system —_ application. Wagner Bulletin MU-217 gives full details. 


Wagner Electric Corporation 6454 Plymouth Ave., St. Louis 14, Missouri. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 

















EFFICIENT COOLING SYSTEM—The improved ven- QUICK BREAK SWITCH—The starting winding and MYLAR* INSULATION — Mylar-paper laminated 
tilating system used in these motors directs a large capacitor are disconnected from the line by this slot insulation gives top protection against moisture, 
volume of air through the motor to effectively reduce Wagner Switch—test-proved to make more than a adds thermal stability, to give more application 
temperatures and add to motor life. Cross section million makes and breaks .. . the equivalent of two versatility and longer life when unexpected over- 
above indicates direction of air flow. starts per hour for 50 years. loads occur. * DuPont Trademark 
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BRUSH 


New Oscillograph Package 


AS “IDIOT-PROOF” AS YOU'VE HOPED FOR 


Built-in amplifiers 


Permanently calibrated 
Instant paper loading 
“White glove” writing system 


brush INSTRUMENTS 


DIVISION OF 


3405 PERKINS AVENUE | CLEVITE | CLEVELAND 14, OHIO 
COR#rFoRaTion 
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Leader in contact metallurgy, Mallory has created a com- 
plete range of contact materials applicable to instrument and 
control circuits . . . provides specialized engineering service 
to aid in selection of materials and in the design of complete 
contact systems. 


Especially designed for transistor circuits, new Mallory 
volume control has low hop-off resistance. Other Mallory 
resistors include printed circuit volume controls, wire 
wound controls, and a useful line of vitreous enamel, 
cement-coated and axial lead fixed resistors. 


How Mallory Precision 


Selector switches by Mallory come in dozens of precision- 
made designs applicable to instrument circuits. In the line 
of special Mallory components are a wide selection of wafer 
and push-button switches, jacks and plugs . . . and the 
famous Mallory Inductuner, a high precision variable in- 
ductance tuning element, useful in many types of radio 
frequency measuring equipment. 
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Unique dependability in portable power, Mercury Bat- 
teries, pioneered by Mallory, provide exceptionally long 
life, miniature size and constant-energy discharge. They are 
ideal for use with transistors . .. unequaled for performance 
and dependability in portable miniature instruments. 
Voltage output is extremely constant . useful in bias 
circuits and as a secondary reference standard. 


ELECTRICAL MANUFACTURING 








Computer grade capacitors, designed for low leakage and high 
stability, are one of the many types Mallory makes for instru- 
ment use. Leader in electrolytics, Mallory originated the FP 
capacitor—pioneer in 85°C ratings, and manufactures a complete 
line of tantalum capacitors. 


Products and Engineering 


Serve The Instruments And Controls Industry 


You'll find Mallory components in much of the 
instrumentation that controls today’s chemical, 
petroleum and steel processes . . . harnesses elec- 
trical and nuclear power . . . gathers and corre- 
lates huge masses of data for science, industry 
and military projects. 


Instrument and control manufacturers build pre- 
cision into many of their products with Mallory 
components. Mallory capacitors, resistors, 
switches, controls, batteries and vibrators 

long the standard of the electrical industry—are 
equally at home in today’s electronic instruments. 


Into Mallory components go more than thirty 
years of pioneering experience...and a tradition of 


Serving Industry with These Products: 


skilled design and craftsmanship. The ability of 
many instruments to operate unattended for long 
periods, is due in part to the precision and depend- 
ability of Mallory components that go into them. 


In producing many of the components you work 
with, Mallory has become intimately familiar with 
many of your overall circuitry problems. This 
experience is at your command, to help you design 
the best possible performance into your products. 


Our staff is ready to work with your designers in 
the application of Mallory components to the 
latest instrumentation and control techniques. 
Call or write, and we'll be glad to arrange a 
meeting at your convenience. 
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ALLOR 


INDIANAPOLIS 6, INDIANA 


Electromechanical—Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical— Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical— Contacts * Special Metals * Welding Materials 


Parts distributors in all major cities stock Mallory 


a a | ry 


d comp for your convenience. 





. MALLORY & CO. Inc 
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when strip-outs 
cause re-do’s! 


“Take any operation where assemblers must match-up 
tapped holes, avoid cross-threading, and drive machine 
screws into place—and you could be sitting on dynamite. 

“When strip-outs occur (and they will), work stops or 
the piece must be removed from the line. The hole must 
be enlarged, re-tapped, a larger screw used, and you 
know what this means to employees working under a 
bonus plan. 

“Or take the case of our Portagraph units,” says MR. 
E. G. LAYER, ENGINEERING SUPERVISOR AT REMINGTON 
RAND SYSTEMS DIVISION IN TONAWANDA, N. Y. ‘Here, 


For light and heavy gage metals, 

ferrous and non-ferrous castings, bronze 
and brass forgings, structural steels, 
resin impregnated plywoods, woods, 
asbestos compositions, and plastics 

of all kinds, specify... 


PARKER KALON © 


Self-tapping Screws 


where plastic sockets are mounted, assemblers had to 
hold nuts in place under a steel sheet while screws were 
driven down from above. Get on the receiving end of 
bitter complaints about cut and bruised fingers, and you 
start looking for a better solution in a hurry.”’ 

The solution to both problems was simple. When 
Remington Rand switched to PARKER-KALON SELF- 
TAPPING SCREWS, these labor grievances quickly disap- 
peared. If you’d like advice on proper types of fasteners 
for your product, a Parker-Kalon Field Engineer will be 
glad to be of assistance. 


Sold everywhere 
through leading 


Industrial Distributors. 





PARKER-KALON DIVISION, General American Transportation Corporation, Clifton, New Jersey 
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surface barrier transistors from SPRAGUE* 





2N128 
General Purpose 
(MIL-T-12679A) 


Min. Typ.|Max. 
hfe | 19] 32] 66 
45} 65) — 

















2N344/SB101 2N345/SB102 
for High Gain 
Amplifiers 


for Medium Gain 
Amplifiers 
Min. | Typ. | Max. Min. | Typ. |Max. 








W 23 | 83 25} 40 
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now in mass production 


Surface Barrier Transistors are now avail- 
able from Sprague in production quantities 
for general high frequency applications and 
for high speed computer switching cir- 
cuits. Orders for the popular types shown 
here are shipped promptly. They’re priced 
right...and their high quality and excel- 
lent electrical characteristics make them 
the ideal solution to many difficult circuit 
requirements. 

” seenanaeageaein -_ = 
Philco patents. All Sprague and ag Switching 
Philco transistors having the ey Min. | Max. 
same type number are manufac- R hfe 16 vo 
tured to the same specifications - 
ny; and are fully interchangeable. 
You have two sources of supply 


when you use surface barrier 
transistors! 


2N346/SB103 
for High Frequency 
Oscillators 


Min. | Typ. 








hfe 10; — 








30 _ 
_ 80 




















WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN WHICH 
YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 
SECTION, SPRAGUE ELECTRIC CO., 307 MARSHALL ST., NORTH ADAMS, MASS. 


\ \ A y : we Bons i. SS=SS 
TRANSISTORS + RESISTORS + MAGNETIC COMPONENTS S R Q G U 7 


CAPACITORS « INTERFERENCE FILTERS * PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE « PRINTED CIRCUITS 


the mark of reliability 
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Manufacturer cuts product cost 


Problem: A Spokane, Washington manufac- 


turer sold band-mill saws to the lumber industry. 


Soaring expenses were pushing unit costs out of 


sight. To remain competitive, he had to sell his 
product for less. He called in his local Century 
Electric sales engineer for help. 


Solution: The Century Electric sales engi- 





neer studied the motor drive for the unit. He pro- 
posed a new gearmotor drive to replace the cum- 
bersome mechanical transmission system. The com- 
pact Century Electric gearmotor required less space 
and was easier to install and maintain. Fewer parts 
were required—assembly was simplified. Savings in 
manufacturing costs: $192. The manufacturer was 
well on his way to solving his cost problem. 





$192 with Century Electric motor 


More than a motor: This is another 
example of why you get more than a motor when 
you take your motor problems to Century Electric. 
You will have the help of experts who think, sell 
and apply motors—and nothing but motors—day 
after day. They may be able to show you how to 
get better performance and cut costs for your 
product. 


For more information, contact your nearest 
Century Electric Sales Office or Authorized Dis- 
tributor. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


CL. 
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ELECTRICAL EQUIPMENT —lIdeal for refrigeration equipment, 
TFE-flvorocarbon resins are inert, moistureproof and are unaffected 
by “Freon” refrigerants. In totally enclosed Class H motors, brush 

ge and insulation regression are avoided. Clecning solvents do 
not d this patible insulation. 








SPECIALTY FIXTURES —Outdoor lighting, infrared heating, and 
flood-lighting equipment can be made more reliable with less 
trouble spots with TFE resins. They are readily slipped into tight 
spots, have excellent tear and weather resistance and are non- 
flammable. 


INDUSTRIAL EQUIPMENT— You can reduce downtime, increase 
reliability with wire insulated with TFE resins. They are unaffected by 
flexing, shock, vibration ... and recent tests show that the non-flam- 
mable TFE resins are unmatched in their ability to handle power 
overloads. 








ill 


APPLIANCES—TFE resins will not burn in the presence of an elec- 

tric overload, a hazard common with standard insylations. Zero 

moisture absorption, chemical resistance and lack of heat aging 

permit new designs in washable appliances... reduce service calis 
. increase safety in the home. 





For top performance in electrical circuitry 
specify wire and cable insulated with TFE-fluorocarbon resins 


Achieve utmost reliability and safety for your wiring. Han- 
dle overloads without danger. Reduce maintenance and 
inspection costs. These are a few of the advantages being 
realized by the use of wire and cable insulated with TFE 
resins, 

TFE resins are almost ideal dielectrics, because they com- 
bine outstanding electrical and mechanical properties. They 
do not age, are non-flammable, have great flex life, main- 
tain superior tear resistance and display excellent dielec- 
tric properties. 

Best of all you can enjoy sales and cost advantages by 


UPON 


BETTER 
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TEFLON 


using wire protected by TFE resins. Look up your local 
supplier in the Yellow Pages (under “*Plastics—Du Pont” 

. or for technical information write to: E, I. du ~aihs 
de Nemours & Co. (Inc.), Polychemicals Dept., Room 149, 
Du Pont Building, Wilmington 98, Delaware. 


in Canada: Du Pont Company of Canada (1956) Limited, P. O 
Box 600, Montreal, Quebec. 


> Write for the ‘“‘HOTTEST STORY IN 
WIRE INSULATION.” It gives you the 
facts that can help make your design, your 
product, your installation a winner. 


TEFLON is Du Pont’s registered trademark for its fluorocar- 
hon resins, including the TFE (tetrafluoroethylene) resins dis- 


ed hereir 
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*AND VARIATIONS OF 


VERSATILITY... .scsoss:, 


are prime reasons why designers have made 
the MH a P&B best seller. This relay series, 
for example, does yeoman duty in such diverse 
applications as jet aircraft, street lighting 
equipment, computers and missile ground 
controls. 

When multiple switching is required... when 
size, weight, long life and reliability are critical 
...our MH relay can usually fill the bill. It’s 
RIGHT for countless jobs, often at countable 
savings. 

Let us send you complete information about 
this miniature telephone-type relay and the 
variations we’ve evolved for special applica- 
tions. Write or call today. 


~EA 


Ih! 
1) VU 


MC FOR RF SWITCHING 
For RF switching where intercontoct 
capacitance losses must be minimized. 
Ceramic contact spacers. 


HERE’S WHY 
50 MANY 
ENGINEERS 
SPECIFY 
P&B’s 

MH RELAY 


THIS BASIC STRUCTURE SHOWN BELOW 


32’ 
‘ 
7 
REQUIRES ¢> DIA 
CLEARANCE HOLE 


Shown with printed 
circuit terminals 


ENGINEERING DATA/MH RELAY 


Insulation: Laminated phenolic. 

Insulation Resistance: 100 meg- 
ohms minimum. 

Breakdown Voltage: 500 volts 
RMS between all elements. 

Shock: Up to 30g. 

Vibration: Up to 10g from 55 to 
500 cps.; .065” max. excur- 
sions from 10 to 55 cps. 

Ambient Temperature: — 45°C. 
to +85°C. —(65°C. to 
+125°C. on special order). 

Weight: 2'/ oz. max. (open relay) 

Pull-In: Approx. 75% of nominal 
voltage. 

Pull-In Speed: Approx. 15 ms. 

Drop-Out Speed: Approx. 10 ms. 

Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP #78). 


CONTACTS: 

Arrangements: Up to 9 springs 
per stack. 

Material: Ye” silver; also Palla- 
dium or gold alloy. 

Load: Dry circuits to 5 amps 
@115V AC resistive. 

COILS: 

Resistance: 22,000 ohms mox. 

Power: 100 milliwatts per mov- 
able minimum to 4 watts at 
25°C. max. (200 mw. min. to 
meet max. shock/vibration 
spec.) 

Duty: DC: Continuous. AC: !nter- 
mittent (2 pole relay max.) 

Voltages: DC: Up to 110 volts. 
AC: Up to 230 v. 60 cycles. 

Current: 2.5 ma to 10 amps DC. 


P&B STANDARD RELAYS AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


MA LATCHING 
Electrical latch; mechanical reset. Small, 
versatile and offered with selection of 
contact arrangements. 


MB CONTACTOR 


Contacts rated 60 omp. 28 volts DC 
non-inductive. Will carry 150 amp. surge 
seconds. 


for a duration of 0.3 


MH SEAL-TEMP 
Features sealed coil to minimize contact 
contamination. Available as h tically 
seoled relay only. 





POUUER & BRUMEIELD INC. 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
, By kt Matin’, 
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Welded aluminum joints are posi- 
tive and reliable and successfully 
resist corrosion and vibration. 
(Photo courtesy of Allis-Chalmers 
Mfg. Company. 


These applications 


Ultrasonic welding. Newest of 
the techniques for joining alumi- 
num, it offers great promise in 
many applications. 


IT OF ALCOA ALUMINUM BECAUSE. 


Operated by hydraulic pres- 
sure, this tool is applying a good, 
sound compression joint to 
stranded conductor. 


demonstrate the ease with 
which high-conductivity 


electrical joints can be made. 


ELECTRICAL MANUFACTURING 








Thermite welding. The parts to 
be joined are set in a graphite 
mold and a thermal reaction is 
set off. Cadweld-Erico process 
illustrated. 


AUGUST 1958 


Numerous joining methods offer excellent service when 
joining aluminum for electrical use. The most important 
for electrical service are compression joining, bolting, 
soldering, brazing and welding. The choice depends on 
a variety of factors that must be considered by the 
designers and engineers who are doing the job. Equip- 
ment available, location of the joints, shape or size of 
the work, on-the-job or shop fabrication, all will have a 
direct bearing on the proper choice of method. There 
may be a choice of methods, but the choice of material 
is obvious—use aluminum. You’ll save money. 
Compression Joining— Excellent results are obtained 
by compressing aluminum fittings around the aluminum 
conductor to be joined. Special joint compounds are 
available to break down the natural oxide film. This 
penetration of the oxide film assures a good connection. 
Compression joining is effective in joining aluminum to 
copper, as well as aluminum to aluminum. 
Bolting—Bolting offers an excellent means to attain 
low-resistance electrical joints. In a bolted connection, 
it is important that sufficient contact pressure be main- 
tained. Aluminum nuts, bolts and washers are available 
for this type of service. Special electrical joint compound 
assures full exposure of bare metal and continues to 
protect the joint in service. 

Soldering — Aluminum is easy to solder. Slightly differ- 
ent techniques are employed than with conventional 
soldering, but once learned, there is no difficulty. Solders 
for aluminum are available in either soft or hard types. 
Welding—Practical welding processes include: gas, 
metal-arc, inert-gas shielded-arc, spot, resistance butt, 
flash butt, ultrasonic and cold welding. The nature of 
the job will best determine which method should be 
used. The latest developments in welding techniques 
have made aluminum as easy to weld as other metals. 
A special process makes aluminum-copper transition 


joints quite practical. 


Alcoa wants you to take advantage of the ease with 
which aluminum may be joined in the products you 
design and build. There’s a sales engineer near you who 
can offer competent advice. He’ll be pleased to put the 
talents of Alcoa’s Process Development Laboratory at 
your service. Look in the Yellow Pages of your telephone 
book under “‘Aluminum,” or write to Aluminum Com- 
pany of America, 2315-H Alcoa Building, Pittsburgh 
19, Pennsylvania. 


— “EMM™, Your Guide to the Best 
in Aluminum Value 


ALCOA ©. GE 
ALUAAINUAA | “cs 
FLED accessonies | “ALCOA THEATRE” 
Exciting Adventure 
Alternate Monday Evenings 





ALUMINUM COMPANY OF AMERICA 
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Bolted connections are simple Dip brazing offers a convenient 
and effective. Proper use of elec- production method of joining alu- 
trical joint compound assures minum parts. Joints are perma- 
performance and protection. nent and strong. 
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Here's the new nylon idling cam produced by 
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Nylon replaces metal 
in automotive cam... 
eliminates 3 operations, 


cuts costs more than 50° 


* 


Many models of Ford Motor’s Lincoln, Mercury and,Edsel are 
equipped with latest-type Holley automatic carburetors. In inset 
photo, choke housing has been pulled away to show the moided 
nylon fast-idle cam as assembled. 


This nylon fast-idle cam made by Chicago 
Molded for Holley offers less friction, and resists 
wear better than cams of low carbon steel. 
Furthermore, injection-molding it of nylon elim- 
‘nates three operations — hardening, stamping, 
assembly — at production savings of more than 
fifty percent. 

Holley is able to change the cam design with- 
out obsoleting the entire mold. That’s because 
Chicago Molded designed a unique multiple- 
cavity mold made with removable sections. This 
permits easy changes in the number and sizes 
of the ratchets with very little expense, when 


the basic part is redesigned. 

Designing and making molds that cut costs 
— and allow for low-cost changes — is a specialty 
of Chicago Molded’s engineering staff. Why not 
find out if they can cut your costs? Ask, too, for 
a free subscription to Plastics Progress — the 
data-packed magazine on new developments 
in plastics. Write: 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1024 North Kolmar Avenue, Chicago 51, Illinois 
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DYNANATI[ SINGLE PACKAGE 


FRACTIONAL HP AJUSTO-SPEDE DRIVES 
Provide Stepless Adjustable Speed 


from an AC Power Source 


STANDARD 


WITH 
FRICTION BRAKE 


Sizes and Types 
for Hundreds of WITH 
Industrial Applications “ret SPEED REDUCER 


= Ajusto-Spede® Drives, part of a family of diversified 
eddy-current equipment, provide an economical solution to many 
adjustable speed drive problems. 


The Fractional Horsepower Ajusto-Spede, a single package design, 

combines an AC constant speed induction motor, eddy-current Constant torque speed range: 25 to 1 
coupling, and electronic control. Standard modifications provide for with either 1600 RPM or 3200 RPM 
the addition of electrically operated fail safe friction brakes, or speed Ajusto-Spedes. 

reducers with numerous gear reduction ratios. Control accuracy: 2 per cent of top 


Fractional Horsepower Ajusto-Spede Drive power is taken directly ps at any point within the speed 

from 115/220 volt, single phase or 220/440 volt, 3 phase lines. re ° ‘ 

Sizes are %4, Ys, Y2 and % horsepower at 1600 RPM; ', 34 and Minimum wiring to power line. 

1 horsepower at 3200 RPM. * Remote “one knob” contro! operation 
up to 100 feet. 

* Rugged plug-in type integral one- 
tube electronic control. 

Gear reductions with 10 ratios between 5-to-1 and 100-to-1 are sup- * Permanently sealed grease-packed 

plied with 1600 RPM and 3200 RPM Ajusto-Spedes. bearings. 


Friction brakes for quick stopping or fast cycling operation are 
furnished in two capacities—1'/, and 3 pounds feet of torque. 


For more detailed information, write for your free copy of the 
Dynamatic Fractional Horsepower Ajusto-Spede Bulletin, FAS-6. 


T DYNAMATIC DIVISION 
fe: pe MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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Republic Silicon Steel 


In producing silicon steel laminations, punching 
quality of the steel used has a direct effect on die- 
life. This is why mechanical properties are as closely 
controlled as magnetic and electrical characteristics 
in Republic Silicon Steels. Flatness, clean surfaces, 
physical uniformity, and surface oxide adherence 
are maintained at superior levels to assure maxi- 
mum production per die grind. 

Republic is able to provide magnetic, electrical, 
and mechanical predictability in every grade of 
silicon steel through full control of all processing. 
Final grades are established while the steel is in 
the open hearth and by additions to the ladle. From 
this point on, tests verify that specifications are 
maintained. They are not applied simply to grade 
the steel after all processing is complete. 

Key operation in the production of Republic 
Silicon Steel is continuous annealing. Pioneered by 
Republic, this process subjects the steel to an 


Uniformity 


electronically-controlled atmosphere and heating- 
cooling cycle to regulate surface oxide and magnetic 
and mechanical properties. Moreover, because 
Republic’s manufacturing sequence calls for slitting 
before final annealing, you can be sure of maximum 
freedom from cold work in full- or semi-processed 
Republic Silicon Steel. 

Final assurance of superior uniformity in 
Republic Silicon Steels is provided by a complete 
magnetic and electrical testing laboratory. Located 
adjacent to and integrated with the continuous 
annealing line, this laboratory can apply tests 
before, during, and after processing. As a result, 
“custom” levels of precision can be maintained on 
a mass production basis. 

For complete information, contact your nearest 
Republic office, or write Republic Steel Corporation, 
Department EM-6022, 1441 Republic Building, 
Cleveland 1, Ohio. 


REPUBLIC STEEL ¢ ) 


Woleld Wier Renge % (‘Staudluid, Slels and, Stk, odie 
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EY MICRO SWITCH Precision Switches 





i 


. 
Actual Size 


We've Miniaturized the Subminiature! 


WEIGHT: 7 gram... 28 switches to the ounce...over 430 to the pound. SIZE: .500” long, .200" wide, .350" high. 
CUBIC CONTENT: .035 cubic inches. ELECTRICAL RATING: 5 amps-250 vac, 30 vdc. SPDT. 


After a long period of laboratory devel- 
opment, MICRO SWITCH announces this 
new, highly miniaturized precision snap- 
action switch and a complementary line 
of actuators. 


We call it the ‘‘“Sub-subminiature!”’ 


This new “SX” basic switch represents 
an entirely new set of answers to the 
space-weight problems in dependable 
precision switching. It combines new 
small size with more than ample capac- 
ity for wide usefulness, meeting the 
pressing demand for miniaturization 
combined with reliability. 


In its exacting development, many prob- 


The two-word name MICRO SWITCH 
is NOT a generic term. It is the 
name of a division of Honeywell. 
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lems of design, testing and quality con- 
trol presented themselves. However, 23 
years of experience proved of immense 
value. As a result, a new standard has 
thus been set by which all precision 
switches must be measured. 


This broad experience can prove of equal 
value to you. Send for more information 
about this new switch. Request Data 
Sheet No. 148. 


MICRO SWITCH...FREEPORT, ILL. 


A division of Honeywell 


In Canada: Honeywell Controls, Ltd., 
Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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Desig: better products with 


DOW CORNING 997 VARNISH 


... for maximum reliability at high temperatures 


These silicone insulated coils for Allis-Chalmers 
totally-enclosed, wall-mounted transformers are 
being dipped in Dow Corning 997 Varnish. 
Suitable for indoor and outdoor service, these Dipping and impregnating electrical assemblies with Dow 


ea Corning 997 Varnish produces a moisture-resistant insula- 
LIFE EXPECTANCY OF CLASS A AND tion system with high dielectric strength. It’s the last step 
SILICONE INSULATION SYSTEMS in completing insulation systems of motors and transformers 

pn  - ] Silicone designed for the 180 C or 220 C Class. Laboratory tests and 
Pocnsesmeck field experience have proved 997 Varnish has more than 50 

heal times the dielectric life of the best Class B varnishes at 
200 C ... permits operating temperatures up to 250 C... 
gives equipment maximum protection against overloads, 
many chemicals, corrosive atmospheres and other hazards. 

















"As reported in AIEE $3-207 
* As reported in AEE 54.266 
* As reported in AIEE 49-237 


109 i930 Dow Corning CORPORATION 


TEMPERATURE, °C MIDLAND. MICHIGAN 
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Dow Corning Silicone Dielectrics 


SYLKYD ENAMELED MAGNET WIRE 
PERFORMANCE PROVED AT 180 C 


Performance-proved for 180 C insulation sys- 
tems, Sylkyd® enameled wire has handling 
properties similar to Class A enameled wires. 
With the same diameter as other film insu- 
lated wires, Sylkyd enameled wire allows a 
higher copper to iron ratio than fiber covered, 
high-temperature wires . . . resists most 
chemicals, moisture, corona, dirt, other 
hazards. Write for illustrated new brochure. 


SILICONE GLASS LAMINATES 
WITHSTAND 250 C AND HIGHER 


Easy-to-make shapes of silicone-glass 
laminate keep assembly costs low .. . 
permit continuous operation at 250 C 

. intermittent operation at even 
higher temperatures. Strong, rigid and 
lightweight, these parts have excellent 
arc resistance, low loss factor and low 
moisture absorption. Available from 
leading laminators. 


re-formed Coil Insulators molded for Lear, Inc 


SILASTIC INSULATED WIRE 
RESISTS HEAT, MOISTURE 


Wire or cable covered with Silastic®, the Dow 
Corning silicone rubber, has exceptional 
dielectric strength and flexibility at operat- 
ing temperatures up to 250 C. Highly 
resistant to moisture, overloads, high ambi- 
ents, weathering, arcing and corona, Silastic 
covered wire is ideal for motor lead wire, 
hook-up wire, ignition cable, control and 
power cable. Available from leading wire 
manufacturers. 


For further information on these products, write Dept. 458 
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TWO METALS ARE OFTEN BETTER THAN 


‘ General Plate 


od oe We ee 
GROUP METALS 


Greatly reduce material costs... 


Give as — General Plate Clad Platinum-Group 
You These etl ga Metals open up many new applications in 
/ which solid platinum-group metals could 
Add i y ional \ PLATINUM-GROUP METALS” y never be used because of the very high cost. 
ae y/, Typical applications where clad plati- 
* num-group metals reduce costs include: 
Advantages — electrodes, electrical contacts, anodes and 
: cathodes, slip rings, laboratory ware, rup- 

e Greater Strength ture diaphragms, and jewelry. 

Whatever your platinum needs, it will 
pay you to investigate General Plate’s platinum-clad metals 
first — they’re available in sheet, wire, tubing, foil and gauze. 
‘ In addition, General Plate Division has complete fabricat- 
Properties ing facilities with which to blank, form, spin, draw, and ma- 
Made without Intermediate Bonding chine — platinum parts, and produce welded or brazed 

assemblies. 
Agents or Diffusion Techniques, by General Plate also has modern assaying and refining facili- 
General Plate’s Exclusive PT Bond- ties which include complete equipment for the recovery of 
platinum and platinum-group metals. 
Write today for information on General Plate platinum- 
*U. S. PATENTS 2,691,815 —2,753,623 clad metals — ask for catalog sheet PLA-5. 


e Substantial Savings in Weight 
Controlled Electrical and Physical 


ing Process.* 


DOUBLE CLAD STRIP OVERLAY TUBING 


You can profit by 


wsing Gena’ Pare Cee | METALS & CONTROLS || CORPORATION 


Platinum-Group Metals es eS 
° General Plate Division 1908 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK ® CHICAGO ® DETROIT * INDIANAPOLIS * MILWAUKEE *® PASADENA 
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Years ahead G-E Form G motors designed to... 


Since these motors were first 
introduced they have been the 
key to new design ideas... 
ideas to improve products, cut 0 


costs, and simplify assembly 
and production procedures. 


They can do the same for you! D 7 S : 
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Decora Manufacturing Company 


G-E MOTOR CUT PRODUCT 
WEIGHT 33% 


Decora Manufacturing Company set 
out to design a new portable com- 
pressor ... lighter and more compact 
. intended to deliver a good volume 
of high pressure air. 
The General Electric Form G % hp 
motor was a natural—it required 40% 
less space, weighed only half as much 
as the motor they were using, and made 
possible the new model compressor. 
Today, weight of the new compressor 
is down 30 pounds. Shipping costs are 
down an average of $1.50 per unit. 
The sleek modern lines of Decora’s 
compressor make it look better and 
sell faster. 
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, NEW DESIGN 


Barber-Colman, OVERdoors and Operators Division 


STANDARD G-E MOTOR 
FEATURES CUT COST 12% 


General Electrics Form G motor 
helped Barber-Colman realize a 12% 
savings in manufacturing costs. And 
standard, no-extra-cost features did it 
..- G.E.’s all-angle sleeve bearing de- 
sign and the removable cradle base. 


Tests proved that the G-E motor 
could be mounted shaft-down without 
sacrificing lubricating or performance 
qualities, thanks to G.E.’s all-angle 
sleeve bearing. This saved Barber- 
Colman the extra expense of ball- 
bearing motors for this application. 
An extra benefit: In previous Barcol 
Automatic Door Operators, two heavy 
expensive mounting brackets to hold 
the motor had to be manufactured 
and assembled. In today’s design, the 
G-E motor’s removable base is spot- 
welded directly to the operator frame, 
cutting over-all product weight and 
saving on assembly time. 

In all, these advantages meant a defi- 
nite product improvement at a 12% 
cost reduction. 


Sweden Freezer Company 
BEFORE—57 Parts ey Rees xq NOW—28 Parts 
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FEWER PARTS REDUCE ASSEMBLY TIME 63% 


The photographs above help to show 
the design simplification which the 
G-E motor made possible in the new 
Sweden Speed Juicer. Results: 
Reduced number of parts 50%, from 
57 to 28 pieces. 


Nearly doubled production with a 
minimum increase in payroll. 

Cut installation time 63% over the 
previous method. 

Made product more compact, more 
attractive, more dependable. 




















OLD DESIGN 


ELIMINATED COSTLY 
MACHINING OPERATION 


A standard General Electric fhp motor 
enabled Temprite Products to cut 
manufacturing costs and simplify the 
design of their “Bantam 100” car- 
bonator pump. 


NEW DESIGN 


Temprite was using another manu- 
facturer’s special motor with an in- 
tegral pump mounting. The close tol- 
erances found on all standard Form G 
motors made it possible for them to 
eliminate the costly special motors. 
Reason: Close tolerances let them 
switch to an open, lightweight bracket 
designed by a leading pump manufac- 
turer to fit G.E.’s standard endshield. 
No special machining was required 
because every G-E fhp motor is de- 
signed and manufactured to these 
rigid specifications: 


e Each boss face (shown in “new 
design” above) is cast to 0.01 inch 
wabble relative to the bearing bore. 
e Outside diameter of the pulley end- 
shield is held to 0.004 in. tolerance 
and 0.004/.005 in. on eccentricity. 


Results: Elimination of added cost of 
special motors, a weight reduction of 
over 50%, and a more compact, lower 
cost pump. 





“IDEAS 


Red Devil Tools 


650 SHAKES PER MINUTE 


General Electric Form G motors are 
built to take it ... and here’s proof! 
This Red Devil paint conditioner op- 
erates at the rate of 650 shakes per 
minute, a severe test for any motor. 
Red Devil engineers looked long and 
hard for the right motor. They re- 
quired small size. Bearings had to be 
extra rugged. Insulation had to be 
able to shrug off vibration. Windings 
had to be bonded to stay. A break- 
down in any of these components 
would cause motor failure and reflect 
on the quality of their machine. 
General Electric’s standard Form G 
motor matched the extra-high quality 
Red Devil demanded. Engineers from 
G.E.’s General Purpose Motor De- 
partment helped in applying the right 
motor, made many test runs, and of- 
fered free engineering assistance both 
in the factory and at the Red Devil 
plant. The result: a high quality, truly 
dependable machine. 


An extra benefit: Red Devil’s cus- 
tomers, like most machine buyers, 
prefer General Electric motors .. . 
and there’s a General Electric small 
motor service station in every part of 
the country ready to give fast, emer- 
gency service. 





A full line of General Electric 
years ahead fhp motors is 
available in the ratings you need 


General Electric offers you prompt delivery on more than 850 basic models. You 
can choose the right motor for your product without buying costly ‘“‘specials." 


GENERAL ELECTRIC’S ENGINEERS WILL HELP YOU 
WITH YOUR PRODUCT REDESIGN PROGRAM 


General Electric’s sales engineers are ready to help you lower costs, 
increase the power of your product, or improve its design. Years of 
experience have taught them many “tricks of the trade” which can help 
you meet your product requirements at lower cost. 


Just call your General Electric Apparatus Sales Office. An experienced 
sales engineer will call as soon as possible. And, if your problem 
is especially tough, factory application engineers will be called in, too! 


Why not start a redesign program of your 

product’s drive system today? Call now to 

find out how you can improve your product 

... at a savings! General Electric Company, : 
Section 702-68, Schenectady 5, N. Y. Twenar @ eieerare 


Progress /s Our Most /mportant Product 
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“THE MOTOR IS 
PROTECTED AGAINST OVERLOAD 
BY BUILT-IN THERMOSTATIC 

PROTECTION” 





MOTOR PROTECTORS 
guard against costly burnouts 
in GOLF SILENTIUM 
pumps made in Denmark 


The factors which cause overheating in single and three-phase motors are the same 
everywhere and lead inevitably to the same destructive result unless controlled. 

That is why you'll find progressive motor and equipment manufacturers the world over 
specifying KLIXON Inherent Overheat Protected Motors. 


KLIXON TYPE CW The H. HOLLESENS Pump Works of Copenhagen, Denmark, long a user of KLIXON 
THREE-PHASE PROTECTOR protected single-phase motors, is the first manufacturer in Europe to specify 
KLIXON three-phase inherent protectors in its product line. 


Here’s what Manager, Jgrgen Aabye, says: 
“In our silent circulating pumps for central heating, for garbage grinders and domestic 
water supply systems, we have for years guarded against motor burnouts with KLIXON 


Protectors — first in single-phase motors — now also in our three-phase equipment. 
The results have been excellent.” 


You, too, can get maximum overload capacity with dependable overtemperature 
protection in the motors that operate your equipment — just specify and use KLIXON 
inherently protected motors. Write now for the details on KLIXON Inherent Protectors 
for single-phase and polyphase motors . . . new bulletin PR 1243 available on 
three-phase motor protection. 
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Spencer Division 360° Forest Street, Attleboro, Mass. 
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the Editor reports on... 


THE WEST COAST IS BIG, it is growing rapidly, it is dynamic. 
It has two big cities that are mushrooming into surrounding 
towns, tied into the metropolitan complex by arteries of 
“freeways.” Industry is moving in fast (from the East) and 
with it, people. As a result, a common lunch time conver- 
sation piece is speculation in real estate, even in the Mojave 
Desert! 

Because readership of ELECTRICAL MANUFACTURING on the 
West Coast in recent years has been building up rapidly, 
a month ago the Editor took a trip out there to find out 
what was going on and with what problems readers were 
faced. The trip lasted four weeks and covered two big areas 
— Los Angeles and San Francisco — and two isolated cities, 
San Diego and Seattle. Plants visited ranged from “prime 
contractors” employing thousands of engineers, to electrical 
and electronic component manufacturers with a handful of 
engineers, and even a few one-man outfits where one engi- 
neer was administrator, researcher and designer. Not in- 
cluded were manufacturers of standard items like electric 
motors and industrial machinery found in great numbers in 
the East. Some general observations obtained from this trip 
are recorded here, broad conclusions first and detailed 
aspects later. 

Overlooking the oil refineries and the shipyards and a few 
steel mills, the West Coast is not “heavy industry.” It is 
“light industry,” and particularly today it is military elec- 
tronics and all its supporting services. They still make lots 
of planes out there, but except for the new jet airliners 
about to go into production and the SAC jet bombers, 
industry people don’t talk about planes —they talk about 
missiles, or more accurately, about problems associated with 
missile guidance, control and tracking. The common denomi- 
nator for these problems is computer design and the new 
dimension in military design is severe environments not 
encountered in industrial applications. The environmental 
test laboratory is a “must” for every manufacturer of plane, 
missile or component — from electrical connectors to “black 
boxes.” 


Industry Statistics 


Indicative of what is happening on the West Coast is the 
growth of the electronics industry there. Company member- 
ship in the West Coast Electronic Manufacturers Association 
has increased over ten fold since it was formed in 1943. 
Overall, in 1957, the 660 electronics manufacturers in the 
11 Western States accounted for 16.6 per cent of the total 
U. S. electronic industry and 24.1 per cent of its sales. Over 
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The West Coast— 
One Big Development Laboratory 


450 of these firms are in the Los Angeles-Orange County 
area. Membership in WCEMA is composed primarily of 
manufacturers of components and test equipment, including 
computers. About half of them make power supplies. With 
but one or two exceptions, none of them are prime con- 
tractors for the military. 

Ten or fifteen years ago, many of these firms had been 
started by former aircraft company engineers who went into 
manufacture of a product—usually a component or piece of 
test gear—developed on the original job. Some design engi- 
neers even set up sideline companies while still on their 
bread-and-butter jobs. Management of these firms, many 
greatly expanded, is still predominately by design engineers. 

WCEMA, which is about to change its name as it spreads 
its membership east to Denver, is not competitive with the 
Electronic Industries Association (RETMA) with head- 
quarters in Washington. Many companies belong to both. 
For one thing, it does not deal with engineering standards. 
Rather, it is a regional group concerned with such problems 
as labor relations and marketing problems on a regional 
basis. That such groups serve a need is indicated by the 
fact that the Long Island Electronic Manufacturers Council 
is presently being set up, patterned after WCEMA. With 
the local sections of the IRE, WCEMA is co-sponsor of the 
highly successful Western Electronic Show and Convention 
being held this year August 19 to 22 at Los Angeles. It also 
supports an engineering scholarship program in 18 colleges. 

In recent years the Pacific Coast has rapidly become the 
counterpart of the Atlantic Northeast. Familiar names like 
RCA, IBM, NCR, Bendix, Burroughs, Stromberg-Carlon, 
I.T.&T. and Sylvania are occupying new plants out there. 
There is no branch of the Bell Telephone Laboratories, but 
plenty of BTL engineers and scientists individually have 
been attracted to the West Coast. Some of the biggest 
development laboratories built their brain factories around 
a nucleus of such engineers and scientists. Even the sub- 
merging title MTS (member of technical staff) has been 
transplanted from Murray Hill to Los Angeles. And there 
are more PhD’s per square mile in Los Angeles and San 
Francisco than in metropolitan New York. Now, with the 
automobile companies reaching for missile work, we may 
see a strong pull to the Midwest. 

Research work done in the East is being matched on the 
West Coast. Work on parametric amplifiers in the micro- 
wave field, for instance, started at the Bell Labs and at 
RCA-Prirceton. It is being matched in the Applied Elec- 
tronics Laboratory at Stanford University. Right next door 
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“second generation” missiles 


is Stanford Research Institute, which in 12 years has brought 
itself up next to biggest Battelle in dollar volume of con- 
tracts from industrial and military sources. SRI is doing 
R & D work in many fields, including military electronics, 
digital computers, control systems (including those for 
machine tools), commercial reliability concepts, transistor 
circuits and many others. 

Further south, Cal Tech is pre-eminent in engineering and 
UCLA is furthering advanced degrees. Up north, the Univer- 
sity of Washington is tying in with advanced problems in 
physics and electronic applications. The University of Cali- 
fornia at Berkeley is tops in pure science. Armed with its 
tremendous particle accelerator, the Bevatron, its scientists 
have acquired three Nobel prizes in physics. Cal Tech runs 
the big 200-in. reflecting telescope atop Mt. Palomar, and 
with it has discovered new constellations millions of light 
years away. ; 

The moratorium on defense spending in mid-1957 cut 
heavily into sales of West Coast electronic firms the latter 
part of the year and resulted in critical adjustments in 
employment and production, even on an engineering level. 
The smaller concerns had the toughest time and several 
merged with established firms. More East Coast firms set up 
West Coast manufacturing facilities. By May of this year. 
however, with a big part of defense spending going into 
missiles and satellites, business had risen sharply, not only 
for the prime contractors, but also for suppliers of com- 
ponents for the control, guidance and testing of them. 
One company that was in severe financial difficulties in 
January posted its biggest sales in its history in May. 


The Missile Development Complex 


The big impact of the missile and satellite program, of 
course, is on the prime contractors. Typically, that means 
Convair at San Diego, where the Atlas ICBM missile is 
being built, Boeing at Seattle, where the Bomarc jet-powered 
missile is being readied for its use in the SAGE system, and 
Northrop’s Snark. But production is not half the story. 
Missile development can be divided into four basic phases: 
preliminary analysis, design proper, testing of components 
(includes the rocket engine) and subsystems (the guidance 
system, for example), and complete systems testing — to 
which should be added flight. Preliminary analysis involves 
a study of the basic feasibility of an overall weapons ap- 
proach. How much of a “pay load” to be delivered how far. 
and within what target range accuracy? How long? What 
diameter? What fuel? 

The Ramo-Wooldridge Corp. is typical of brain factories 
acting largely as consultants to the military. As far as could 
be seen, neither at the dreamboat house on El Segundo 
Boulevard nor at the Space Technology Labs on Arbor 
Vitae in Los Angeles was anything being manufactured. 
Broad design concepts are worked up and tried out on a 
prototype basis. From these studies, design parameters are 
set up for the prime contractor who builds the “bird,” in 
the case of the Atlas, Convair. The Jet Propulsion Laboratory 
of Cal Tech at Pasadena performs a similar function as 
regards the Jupiter missile built by Chrysler. In effect, JPL 
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is consultant to the U. S. Army Missile Agency at Hunts- 
ville, Ala. R-W is consultant to the Air Force. JPL is con- 
cerned not only with rocket engines, but with guidance and 
control systems from an overall design point of view. Setting 
up norms for reliability objectives is an example of one of 
their current jobs. JPL was responsible for researching 
Explorer II. 

In between there are other firms who do systems work 
such as design of landing systems for fighter planes, who de- 
sign radar systems for tracking missiles or spotting enemy 
planes, and who work with the missile builders on the ground 
control schemes. The excitement really begins when the 
engineers and scientists go to work on a “second-generation 
missile, literally starting from scratch, no holds barred. 

Woven through the fabric of missile guidance and track- 
ing are data handling schemes. They involve instrumentation 
and computers, also transducers (the information sensors), 
telemetering equipment (radio), and recorders (magneti 
tape, cards). A lot of engineers on the West Coast are 
working on these problems, both from an overall systems 
point of view and individual hardware items. Guidance can 
be by beam rider, radio command, inertial means, dopple: 
radar or celestial navigation, not to neglect the hound-dog. 
infrared. Data handling within the missile—let us say, a set 
of steering signals from position, velocity or acceleration 
(inertial) inputs—is done with miniaturized digital com- 
puters. Many firms are working in this field, each striving 
to produce a smaller and lighter assembly, since the eff- 
ciency of a missile depends largely on the ratio of its empty 
weight to its fuel-loaded weight. 

Quality standards for the semiconductor components- 
transistors and diodes—that go into the computers are fan- 
tastic and the price is in the same proportion. No wonder 
the reliability men haven’t the heart to use good taxpayer’s 
money in testing to destruction an adequate statistical sam- 
ple of them. Transducers fall in the same category. Un- 
bonded strain gages for pressure measurement, for example. 
not much larger than a sealed transistor, cost over $200 
apiece and are typical of the fine instrumentation work done 
on the West Coast. 

In this regard, much effort is being expended in evaluat- 
ing transistors. Tests at the user’s laboratory add dollars 
to the original cost. Something sorely needed—an inexpen- 
sive test for leakers. It is felt that a properly sealed tran- 
sistor will last indefinitely. Miniaturization techniques, par- 
ticularly on reached bottom. 
Fingers can’t get smaller, and diodes are now assembled 
under binocular microscopes. The next step would have 
to be fully automatic manufacture. 


glass-sealed diodes. have 


Machine Assembly in Disfavor 


Yet, so-called automation techniques have failed when it 
comes to the machine insertion of components on printed 
circuit boards, the sine qua non of modular computer cir- 
cuit design. Reason: wide mechanical tolerances on body 
sizes and leads. Even simple lead bending machines mangle 
leads and break seals. Breakage costs become too high on 
expensive MIL-Spec components. Wax encased tubulars 
really gum up the works. 
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environment, re-entry. radiation 


So much attention is being paid to design of digital com- 
puters that manufacturers of rotary electrical components 
begin to fear for their markets. The big field for analog 
computers on the West Coast and elsewhere is still in simu- 
lation devices. In the testing phase of missile development, 
for example. analog computers simulate the system in which 
a particular piece of hardware under test is to work. Many 
of the feedback signals in guidance and control systems are 
in analog (rotary) form and must be converted to digital 
to be processed in the computers. Hence there is a great 
deal of interest in conversion devices. Data in “real time” 
must often be either compressed in the time scale or trans- 
formed into digital form for further computation. Magnetic 
tape recording equipment can perform this function. Another 
method under study is based on the theory of sampled data, 
which in effect is analog-to-digital conversion of information. 


Environmental Tests 


Every piece of electronic or mechanical gear going aloft 
has to pass a battery of environmental tests to simulate the 
effects of take-off and atmospheric conditions way up, also 
the re-entry problem on the ICBM’s. Whether the manu- 
facturer makes electrical connectors, relays, computers, or 
whole missiles—the materials, the part, the assembly, or 
the whole—the product has to be tested. A manufacturer 
can’t do business without a high- and low-temperature 
box, an altitude chamber—or both. Shock and vibration 
simulation is a big problem. So many people are interested 
in such tests that the Los Angeles area has a Society of 
Environmental Engineers, now in its second year, that at- 
tracts audiences of over two hundred people. A meeting I 
attended was devoted to random vibration testing over a 
broad range of frequencies and g values. 

None of the test facilities visited were testing by random 
vibration. Reason: this technique has not been written into 
a MIL Spec yet, but it will be. Current MIL specifications 
are wholly out of date in this area—the technology is mov- 
ing too fast. Each day more is being learned on what kind 
of a chatter a rocket engine can kick up. The fuel doesn’t 
burn evenly but in rapid bursts of high frequency. To 
match this condition several missile makers and one in- 
dependent laboratory are installing acoustic noise genera- 
tors—big woofers up to 1000 watts and 190 db to inpinge 
on control surfaces and components. In the lower frequency 
ranges some of the biggest electrodynamic shakers are to 
be seen on the West Coast. One missile manufacturer has 
developed its own hydraulically actuated shake table, big 
enough to vibrate the midsection of a pilotless aircraft (jet 
propelled missile). One shock machine, used to simulate 
the take-off of a small ship-to-air missile, works on the 
principal of differential air pistons and produces a steep 
wave front and a parabolic fall off. The prime contractors 
have not one test building, but several running into millions 
of dollars, and more are going up. The component manu- 
facturer, on the other hand, may have only one small shake 
table in one corner of his test lab. 

Although much attention is being paid to the develop- 
ment of shockproof relays, the missile makers prefer to 
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keep the relays on the ground equipment. Most of the con- 
tacts operated in flight or at take-off have to be operated 
only once, but they have to complete the circuit. Motor- 
actuated switches are in favor, also explosive actuated 
devices. Initiation of the circuit is by a relay in the ground 
control. 

Simulation of the missile re-entry problem is another test 
area calling for sophisticated techniques. Radiant energy 
from high intensity lamps is put through a carefully con- 
trolled cycle. As can be imagined, a materials problem is 
involved from nose cone to plugs for “umbilical” connec- 
tions. Phenolic glass laminates have been found to main- 
tain the integrity of the insulation on such connectors even 
though the resin is completely evaporated at 1200 F. 

Nuclear radiation effects appear to be no problem in the 
big missiles. The electronic controls are adequately shielded 
from the warhead. Radiation is a real problem on ground 
control apparatus subject to possible blast. Hence, exten- 
sive studies are being made on the effect of radiation on 
such components as transistors, vital in guidance systems. 


Commercial Markets Sought 

Not all activity on the West Coast is military-sponsored. 
Several of the big systems designers are going into the 
manufacture of semi-conductors—transistors and diodes— 
and variations of them such as variable-voltage capacitors. 
And aside from building airborne computers and ground 
control computers, these and other firms are building gen- 
eral-purpose digital computers selling in the range of 
$49,000 to $80,000 for engineering and commercial work. 
One producer expects to sell $10 million worth of these in 
the next 12 months. 

Other systems designers are getting into process control 
problems, and two companies have developed computer 
controls for machine tools, using computer techniques 
translated from missile applications. Still others are build- 
ing up R & D teams to work on future industrial projects. 


What Readers Read 


Because of the emphasis on computer technology. parti- 
cularly digital computer design, there is a great deal of 
interest in magazine articles dealing with computer tech- 
niques. Our current series on boolean algebra application 
is being read widely. So is the 20-page May insert on 
“Basic Statistics for the Design Engineer.” The large or- 
ganizations all have math consultants and those versed in 
statistical analysis, but the design engineer feels he needs 
to know enough to understand what the specialist is talking 
about. Likewise, the PhD working in a narrow field wants 
to be quickly and understandably informed of what is 
going on in areas related to, but different from his. He often 
hasn’t time to wade through narrow society papers, with all 
the supporting mathematics. It was agreeable to learn that 
a practical manufacturing magazine like ours was being 
seriously read by research men with advanced degrees. 
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FERRITES 
for High-Power R-F Tuning 


Incomplete manufacturers’ data 
forced the designers of the Penn- 
Princeton Proton Synchrotron to 
undertake an elaborate program of 
ferrite evaluation for the 2.5- to 30- 
megacycle range. Here are the results 
for a variety of commercially avail- 


able materials: 


PIETRO P. LOMBARDINI, Assistant Professor 
RICHARD F. SCHWARTZ, Research Associate 
THe Moore Scuoor or Evectricat ENGINEERING 
University of Pennsylvania 

Philadelphia, Pa. 


Ferrite Materials: Identification and Sources 





Trade name Type Source 


BTL* 2127, 2132 








Bell Telephone Laboratories, 
| Inc., Murray Hill, N. J. 





Steatit-Magnesia, 
West Germany 


Caraperm BR, NC, V, VG 





Ceremag 5N, 7A, 27 . Stackpole Carbon Co., 


| St. Marys, Pa. 





Fernilite | 1101, 1102, 1103 | Lignes-Telegraphie &  Tele- 
(LTT) | phonique, France 





Ferramic G,Q General Ceramics Corp., 


| Keasbey, N. J. 





Ferroxcube | Il, HIB, IVA, | Ferroxcube Corp. of Amer., 
| IVC, IVD, IVE, | Saugerties, N. Y. 
IVH Philips, 
| Eindhoven, Netherlands 





*Experimental materials 
OITA. NY AIOE A: 


id SO TERRE CARRE SSA IRE. ES 
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magnetic properties & and Q — 
both in a demagnetized state and 
under bias — as a function of fre- 
quency, r-f flux and temperature 


dielectric properties k and Q, as 
a function of frequency and elec- 
tric field intensity 


recommendations for specification 
data to be supplied by ferrite 
manufacturers 


THAT FERRITES DISPLAY high-permeability and low-loss 
magnetic characteristics at high frequencies is fairly 
common knowledge, as a profusion of ferri-loopsticks 
and ferrite-covered coils attest. Not quite so well known, 
perhaps, are the magnetic saturation properties of these 
materials as applied to r-f problems. Such applications 
are not new; at least one company specializes in the design 
and manufacture of ferrite variable inductors.* But the 
application of ferrites to high power variable inductors 
has been confined to relatively few examples. A typical 
case is the r-f generator for a modern particle accelerator 
such as a proton synchrotron. Here the problem is to pro- 
duce an intense r-f electric field across a gap, with the 
imposed condition that the frequency be varied over wide 
limits according to some time schedule. 

Faced with the design specifications for such an r-f 
source for a proposed particle accelerator}, the authors 
found the ferrite manufacturers’ data insufficient for 
proper material selection. Since the amount of ferrite 
required ran into tons and involved fabrication of non- 
standard size pieces, it was essential that a careful ex- 
perimental investigation of the pertinent properties be 
undertaken. This investigation dealt with many prop- 
erties of ferrites that have not been completely explored 
or understood. The results presented here may be of 


*C.G.S. Laboratories, Inc., Stamford, Connecticut. 
tThe study upon which this paper is based was concerned with an investigation 


of the properties of a ferrite material to be used in the Princeton-Pennsylvania 
3-bev proton synchrotron now in course of construction at Princeton University. 
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value to other engineers interested in the high power use 
of ferrites at radio frequencies. 

Basic Relationships and Specifications. The 
properties of a variety of ferrite samples were investi- 
gated to find the best compromise between ferrite be- 
haviour and the operational requirements of the Prince- 
ton-Pennsylvania proton synchrotron. A description of 
the synchrotron is not appropriate heret, but the prin- 
cipal ferrite requirements can be stated in terms of 
the idealized coaxial resonator shown in Fig. 1. The 
coaxial space is filled with ferrite material. Means for 
varying the properties of the ferrite are not shown. A 
good conducting wall encloses the core and leaves an 
annular opening in the central zone of the internal 
cylinder. The geometry of the resonator would tend, 
at adequately low frequency, to concentrate the mag- 
netic field essentially in the cylindrical space and the 
electric field in the gap. It is possible therefore to define 
a lumped “inductance” of the resonator as: 
re 
ri 


(1) 


L= Hol In 


where r, and r. are the ID and OD of the ferrite rings 
respectively, t is the axial length in meters, » is the rela- 
tive magnetic permeability of the material, and p, is the 
permeability of free space. Analogously there can be de- 
fined a “voltage” in the gap, as the voltage existing 
between the plates of the equivalent “capacitance” of the 
resonator. This yields the following interesting relation 
between voltage in the gap needed to sustain it for given 
geometrical and physical characteristics of the ferrite 
rings: 


>, 
d 


2 v2 _ _4V? x 108 (2) 

(uO f/)2u In (re/ry) (uOf)t In (r2/ri) 
where P, is the power dissipated in watts, V is the peak 
voltage in the gap in volts, Q is the quality factor of 
the resonator (defined as the ratio of energy stored in 
a cycle and power dissipated in the resonator) and f 
is the resonant frequency. Assuming that all the causes 
of dissipation in the resonator are magnetic losses in 
the ferrite, the factor »Qf can be considered as the fig- 
ure of merit of the ferrite used. The convenience of hav- 
ing a large »Qf factor is obvious; for most ferrites it 
ranges from 10° to 10"' eps. 

Table I shows the boundary conditions circumscrib- 
ing the choice of ferrite for the Princeton-Pennsylvania 
accelerator. 

Other considerations add further limitations in the 
shape of the ferrite parameters. R-f flux considerably 
reduces the ferrite figure of merit. For circular rings: 

V Xx 10 . 
2xfl(r2 — ri) “ 
where B,,; is the space average of flux density in gauss, 
f the frequency in mc, and r,, r. and ¢ are expressed in 
meters. 

The ferrite behavior also depends upon the temperature 
of operation. A limiting factor is thus the rate of temp- 
erature increase due to power dissipated in the ferrite 
in absence of cooling: 

47". P26 ie 

as 14( 8 ) x 10-2 (4) 
where AT/At are deg C per min, 8 is the duty factor, 
s is the ferrite specific heat (roughly equal to 0.17 cal/- 


By = 


+The i-terested reader may refer to ‘High Energy Accelerators,” M. S. Livings- 
ton, Interscience Publishers, Inc., New York (1954). 
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Idealized coaxial resonator for a large proton syn- 
chrotron. 


Table I—Preliminary Specifications for 
Proton Accelerator 





Maximum gap voltage 120,000 volts peak 
Frequency band to be covered in 1/40 sec. 2.5-30 me 
Duty factor 0.25 


Total available axial length of resonator 16 ft 


Table li—Tentative Specifications for 
Ferrite Cavities for Proton Accelerator 





Number of ferrite rings 

Space between rings, cm 

Ring thickness, cm 

Ring OD, cm 

Ring ID, cm 

Total ferrite weight, tons 

Ferrite quality factor (uQ/), cps 
Peak power, watts 

Average power, watts 

Maximum temp rise, deg C/min_ | 
Peak r-f flux at peak power, gauss 





kg/deg C) and W is the weight of ferrite in kilograms 
(the density of ferrite is about 5 g/cc). 

Finally, since the average price of ferrite is about 
$20 per kilogram, economy considerations will demand 
a minimization of the total ferrite volume: 

V = 0.785 (d.? — d,*) t (5) 

On the basis of previous considerations, and certain 
assumed properties of ferrites, two sets of tentative 
specifications were drawn, Table II. 

Modified Approach. As the ferrite investigation 
progressed several of the specifications in Table II ap- 
peared unrealistic. The fundamental difficulty lay in the 
required bandwidth. To cover the whole band by bias 
tuning, the ferrite permeability must change in the 
ratio of 144:1. This, of course, will require an initial 
permeability above 144; in fact, the conservative figure 
of 300 must be reached because of flux leakage from 
the ferrite rings during saturation and the fact that a 
permeability of unity cannot be reached without ab- 
normally high saturating fields. 

Measurements have shown, however, that no ferrite 
was available offering a »Qf equal or greater than 10*° 
while biased-tuned throughout the band of 2.5 to 30 me. 
On the other hand it was clear that any attempt to utilize 
either a poorer ferrite quality factor or an extremely high 
bias field intensity would be impractical from the view- 
point of power supply economy. 

Thus other solutions were considered which would 
permit limiting the range of ferrite tuning: for example, 
a rotating capacitor, or a supplementary ferrite cavity 
operating in the lower part of the frequency band where 
the power needs are reduced. These new solutions shifted 
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the investigation away from ferrites of high initial per- 
meability toward ferrites of lower » but larger quality 
factor in the upper end of the band considered. 

Properties Investigated. The choice of an opti- 
mum ferrite implies the knowledge of the behavior of the 
various commercially available materials which offer 
some promise of meeting the specifications. Since no 
clear method existed for a proper choice of ferrite, a great 
number of measurements were performed on small rings 
obtained from different manufacturers, and an effort 
was made to establish a minimum number of parameters 
for defining the ferrite properties. The measurement tech- 
niques employed will be discussed in a later article; here 
the general behavior of ferrites will be described based 
on both available data and test results. 

The data needed for a given sample can be sum- 
marized as follows: 

@ Magnetic » and Q for the sample (both in a de- 
magnetized condition and under bias) as a function of 
frequency, r-f flux and temperature. 

® Dielectric constant k and Qp (or tan 8) as a func- 
tion of frequency and electric field intensity existing in 
the ferrite. 


Magnetic Properties Under 
Demagnetized Conditions 


Frequency Effects. The general variation of » and 
Q vs frequency for all ferrites can be obtained from 
Fig. 2 where the properties of several Philips Ferroxcube 
materials are plotted as an example. The ,»’ in the figure 
is the so-called real permeability » used above, and the 
»” is the imaginary permeability which equals p»'/Q. At 
low frequency the initial permeability is independent 
of frequency. As the frequency is increased, p»’ goes 
through a broad maximum and then starts decreasing 
rapidly. It may be noted that the lower the permeability 
in the straight region, the more that region extends in 
frequency. 

Q (which is equal to p’/u”) decreases uniformly with 
frequency, forming a plateau at the lower end of the 
frequency range. Generally for each frequency the higher 
the permeability of the ferrite. the lower the correspond- 
ing Q. 

The »” curves show that for each material there exists 
a frequency region of resonant absorption. In general 
the region is about three decades broad in frequency. It 
has been pointed out by Epstein (7)* that this resonance 
may have a “fine structure.” that is. have several minor 
peaks. Snoek has shown (2) that there exists the relation: 

(nu 1) * f, = const 
where j» is the initial permeability and f, the frequency 
at which the prominent resonance of »” occurs. This re- 
lation is accounted for theoretically. (3) For the mate- 
rial of Fig. 2 Snoek’s constant is about 4 & 10° eps. 

Figure 3 shows the typical behavior of »Q/ under 
initial conditions. A broad maximum is noticeable. 

The initial parameters of a ferrite of a given type gen- 
erally show a considerable scattering from sample to 
sample. In measurements of 80 rings of Ferroxcube 
IVA at 3 mc the mean deviation was about 5 per cent and 
the extreme deviation about 15 per cent. This agrees with 
those manufacturers’ specifications giving a tolerance of 
20 percent on initial permeability. 


*Italic numerals in parentheses refer to Cited References at end of article. 
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Variation of permeabilities u’ and yu” with frequency 
under initial (demagnetized) conditions for several Fer- 
roxcube materials. (Philips’ data.) 


Effects of R-F Flux. All measurements confirm that 
» is practically independent of B,; while Q decreases 
with flux density. Some workers (4, 5) have found that 
the relation between Q and B,, 
the expression: 


can be approximated by 


q=(3 
0. 


apo Bz ) (7) 


where: Q, is the initial factor of merit of the ferrite, 
#, the initial permeability, and a a constant characteristic 
of the material, with a value of the order of 10° when 
B,; is expressed in gauss. 

The above expression, however, is intended for mod- 
erately small fluxes. At high r-f flux density it was found 
for all grades of Ferroxcube ferrites (6) that at a fre- 
quency of 600 ke: 

nOf « B,- (8) 

Figure 4 presents the results of several measurements 
made with different ferrites at different frequencies above 
Ll me under demagnetized conditions. In the 5-100 gauss 
range, »Q/ apparently varies as B,;* for all the ferrites 
tested, independently of the frequency of operation. 

Temperature Dependance. Both » and Q depend 
largely on the temperature: » generally increases at first 
as the temperature is raised, then decreases very rapidly 
near the Curie point; Q generally decreases steadily (if 
not uniformly) with temperature. Figure 5 shows the 
variation of initial » and Qf observed in several samples 
at relatively low frequency for the range 0—100 C. The 
measurements were made with a Boonton type 160-A 
Q-meter and a GR 916-A Bridge; the samples, immersed 
in transformer oil, were heated in an oven, then measured 
during the slow process of cooling. It can be deduced 
from Fig. 5 that a large temperature dependence of » 
and »Q/ means either that the material is operated at a 
temperature close to the Curie point or at a frequency 
near the absorption resonance. Figure 6, plotted for two 
Bell Laboratories experimental ferrites, shows the strong 
temperature variation near the Curie point. 

Generally a “good” ferrite will show a small tempera- 
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Figure of merit (uQf) vs frequency for Ferroxcube 
material under demagnetized conditions. (Philips’ data.) 
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R-F flux vs «Qf under demagnetized conditions for Fer- 
roxcube and Caraperm materials. (Measured data.) 


ture coefficient in the range of 0 to 80 C. Figure 7 il!us- 
trates the variation of »Q/ for Ferroxcube IVA and H 
samples. The data for IVH, taken from Plotkin (7), in- 
dicate how a large change in r-f flux density modifies the 
general trend of the temperature coefficient. The varia- 
tion of » within the temperature limits is also tabulated 
in the figure. 

In the synchrotron application, the effect of tempera- 
ture will be to detune the system. Since the temperature 
coefficient of the permeability is generally positive for 
the ferrites under consideration, the resonator will be 
“re-tuned” by applying bias. This will increase the Q 
of the ferrite; therefore the changes of »Qf due to tem- 
perature variation will be different than those shown in 
Figs. 5-7. 


Magnetic Properties Under 
Bias Conditions 

The previous section deals with demagnetized ferrites. 
i.e.. ferrites to which an alternating magnetizing force of 
gradually decreasing amplitude was applied before the 
measurement. If a ferrite sample presents initial param- 
eters » and Q at a given frequency, and is exposed for 
some time to a strong magnetic field, then, after removal 
of the field, these parameters at the same frequency will 
be different. The new permeability and quality factors, 
u, and Q,, are called remanence constants. 

Remanence Constants. Table III lists u; and Q; of 
several types of small ferrite rings observed at the fre- 
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Temperature variation of initial « and uQf for two ex- 
perimental Bell Telephone Laboratories materials at 1.25 
me. (Measured data.) 


le | 
ete ee 


| /nitia/ IZH (/5 me 


me 
Stee oe “a 
~ 


| Es See Receneee iv T=-—<. 4 
} 
| 


Ini gl IZA (2 me) 





r= = 
-_: 


105 gouss IZ 5c! 
— $$$ $$ + —_—_—+—___—___- 4 


- .. eh TD goves ZH (1 5me)/— 


-_— 


"Initial IA (3.75 mc) _ 


oem Penh Nests & 


10C|30C soc! 
603/605] 610 [628] 
351/357 382 


























40. 50 
Temperature,C —> 





Temperature variation of «Qf for two Ferroxcube samples 
under various conditions of r-f flux and frequency. Table 
shows variation of initial 1 with temperature. (Measured 
data.) 





quency indicated, and p,, Q, after the application 
of a bias field of about 10 amp/cm in a direction 
parallel to the r-f magnetic field. It is apparent that 
two categories of ferrites exist: one includes fer- 
rites presenting a remanence permeability smaller 
than the initial permeability (#;>#,); the other includes 
ferrites presenting the opposite feature (4;<y,). We will 
tentatively call the first group of “normal remanence” 
and the second group of “abnormal remanence.” This 
distinction has practical value, particularly when a fer- 
rite has to be operated in variable bias conditions. 

Nature of Magnetic Bias. The r-f properties of a 
ferrite are critically dependent upon the nature of the 
bias employed. More precisely, the overall effect of bias 
is related to: 

® intensity of the bias magnetic field in each point 

of the sample 

e angle existing at that point between bias field and 

direction of the r-f magnetic field 

® rate of variation of the bias field with time. 

In the synchrotron application the ferrite core is ring 
shaped. and it is particularly convenient to apply the 
bias field circularly along the ring. This means that: 

® the bias is not uniformly distributed in the core 

(H«1/R) 

® the bias field lies everywhere parallel to the r-f 

magnetic field. 

Permeability with Low Bias. figures 8 and 9 pre- 
sent the variation of permeability with bias for several 
ferrites at low and high field intensity respectively. ob- 
served under the condition of bias explained above. 
The bias field intensity was calculated for the mean 
radius of the core ring. The curves of Fig. 8 show that 
at low bias intensity the change of permeability with 
bias can be very different from material to material. 
All ferrites presenting normal remanence show a steadily 
decreasing permeability with increasing bias. The slope 
of the curve is very small for low applied field, then 
reaches some sort of threshold, and eventually bends 
to approach the inverse H)j., trend of high intensity bias. 
Observe that the lower the initial permeability, the great- 
er the field required to reach this threshold. 

Ferrites with abnormal remanence may present for 


Table Il—Initial »;, Q; and Remanence 1,, Q, 
Constants of Several Ferrite Samples 





: | | Frequency 
Type ferrite Mi Reed c (me) 
Ferramic G | 414 
Ferramic Q |} 125 


LTT 1101 638 
LTT 1102 146 
LTT 1103 70 


Ceremag 27 : 308 
Ceremag 5n | 463 


| 
| 
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Caraperm BR | 405 
Caraperm NC 339 
Caraperm V | 149 
Caraperm VG 56 


Ferroxcube IVA 620 
Ferroxcube IVB 259 
Ferroxcube IVH 382 
Philips 516 393 
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small bias a region of increasing permeability, as does 
the Ferramic Q in Fig. 8. However, at higher flux they 
will all follow the usual trend. 

These phenomena at low bias are due to the combined 
action of rotation of the direction of molecular magnet- 
ization within the domains, and displacement of domain 
boundaries. They are partly of irreversible nature; hence 
the remanence effects. At high bias level a reversible 
process of rotation is predominant. Therefore in this case 
permeability is expected to vary with bias in a similar 
way for all ferrites, and to follow the same path in- 
dependently of the sense of the bias variation. Theoretical 
considerations, based on the assumption that the bias 
field is strong enough to saturate the ferrite, relate per- 
meability and bias with the expression: 

a ’ 
GH —b) ©) 


is the gyromagnetic constant 


(u 1) 


where (approximately 
equal to 2.105 meters per amp-sec for ferrites), and 
a and b are constant proper of each ferrite. For H» 
b/y, Eq (9) becomes: 


(u Daa (10) 


Permeability with High Bias. Figure 9 shows the 
permeability-bias curve measured in several ferrite 
samples at a constant frequency, much lower than the 
initial absorption frequency f,. All the curves show a 
common trend closely approximating Eq (10). In gen- 
eral, materials of high initial » are more easily saturated 
than the ones of lower initial p. 

The curves of Fig. 9 could be repeated using a res- 
onance method, i.e., measuring the tuning frequency of 
a resonator having a constant capacity and a ferrite- 
loaded inductor subject to increasing bias. As a con- 
sequence, » appears to be essentially a function of bias 
and not a frequency. This follows the basic theory of 
gyromagnetic resonant absorption in ferrites. The sketch 
in Fig. 10 pictures as an example the behavior of »” for 
Ferroxcube IVA in two conditions: absence of external 
bias (curve p), and application of an external bias of 
40 amp/cm In both cases an absorption 
phenomenon takes place. In curve p, there is a flat 
resonance around 8 mc; in curve q, a sharp resonance 
at 5 kmc. The corresponding behavior of yp’ is similar 
in both cases: a region of constant permeability which 
extends from zero frequency up to about the absorption 
resonance. Thus, if a magnetically tuned resonator is ad- 
justed to resonate at a frequency below the absorption 
(as will happen in all practical cases), it 
will remain always below the ferrite absorption res- 
onance after the application of bias. In effect, while the 
absorption resonance frequency is related to the bias 
intensity by the equation: 

Sf, = vias (11) 
the tuned frequency of the resonator will be approx- 
imately related to bias by the expression: 

] 


ae 
VE 


(curve q). 


resonance 


o V/Moias (12) 


Therefore the ratio: 


f, oo 
fo, Hoyias (13) 


will steadily increase with bias. 


Effects of Bias on Q and ,,Qf. The effect of bias 
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upon the Q of a ferrite at a given frequency is also 
illustrated by Fig. 10. Consider, for example, a frequency 
of 10 me: 

In absence of bias the losses pertinent to that fre- 
quency have a maximum (curve p), hence the Q has a 
minimum. The application of bias displaces the peak of 
absorption f, into another region (curve q), and there- 
fore causes Q to increase at the previous frequency. 

Since in the synchrotron application ferrites are to be 
used below the resonant absorption frequency, their Q 
at a given frequency will always increase with bias. The 
same theory leading to Eq (13) offers the approximate 
relation: 


0 Whias 


(14) 

Because of its dependence on both bias and frequency, 
the quality factor Q of a biased ferrite is less easy to 
describe than the permeability. More precisely, in order 
to define the Q three parameters are required: intensity 
of bias field, frequency, and r-f flux density. 

In the case of a ferrite-loaded resonator the simplest 
way to describe the overall effect of bias is to invoke the 
pQ/ factor. Figures 11, 12, and 13 present the behavior 
of several ferrites in various conditions of bias at a con- 
stant r-f flux (20 gauss). In collecting the data shown in 
these figures a condition was imposed that the resonator 
used in the be tuned at 30 me 
applying a bias of about 50 amp/cm. Therefore the curves 
extend from that frequency into a region of lower fre- 
quencies for a range which varies with the value of the 
initial »,. The permeability of the sample at every point 
of the curve is given by: 


measurements when 


(15) 


--o(f) 


where f/f, is the resonant frequency for demagnetized con- 
ditions, and f the frequency in the point considered. The 
corresponding bias would be readily obtained using a 


permeability-bias curve as shown in Figs. 8 and 9. 

From the curves of Figs. 11, 12, and 13 it may be 
deduced (remembering that {/<H'*) that »Q/ generally 
decreases with application of bias, reaches a minimum 
value and then increases again at high bias. The behavior 
of »Q/ upon the initial application of bias is different 
from material to material in analogy to the performance of 
p at low bias shown in Fig. 8. Incidentally, the materials 
Caraperm VG of Fig. 12, and Ferramic Q of Fig. 13, 
both exhibiting abnormal remanence (Table III), during 
the measurements presented unstable behavior in the 
region indicated by a dotted line in the figures. 

Under conditions of high bias all ferrites show an 
upward trend of »Qf with frequency. This is predictable 
by the simplified theory of Eqs (10) and (14). Using 
these equations, one can write: 


(Of) = Ki + K; (=) 

Si? =F 

where K, and K, are two proportionality factors, and 
f, is the resonant frequency of the resonator when » = 1. 
A more general indication of the performance of a 
ferrite under bias condition is shown in Fig. 14. Here 
frequency is a parameter, in this case fixed at 30 mc, 
and the saturated permeability is the variable. Within 
the range explored by the measurements, Eq (16) is 
closely verified, namely that »Qf is approximately con- 
stant. There exists, however, a peak of optimum per- 


(16) 
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formance for each material, and this peak seems to be 
displaced toward the low » (high bias region) for the 
substances of higher initial p. 

The effect of r-f flux on »Qf under demagnetized con- 
ditions was discussed previously. All the measurements 
taken during the course of this work have shown evidence 
that under bias conditions p»Qf is less affected by r-f flux 
than in the demagnetized case. Figure 15 gives an ex- 
ample of this behavior. Here the »Qf of Ferroxcube IVC 
material is plotted against B,; for two different conditions 
of bias. The variation of »Q/ is considerably decreased 
with respect to the B,;"* law under 9 amp/cm of bias 
field, and becomes practically zero under a large bias 
(70 amp/cm). 

A-C vs Slowly Changing D-C Bias. A ferrite ob- 
served at a given frequency and low r-f flux under appli- 
cation of a slowly time changing bias field of large 
amplitude presents a pattern of » vs bias similar to the 
one sketched in Fig. 16. The part of the curve drawn as 
a solid line has a characteristic shape and is usually 
called a “butterfly” loop. In the sketch ye is the value of 
the initial permeability, »y and »», the maximum and 
minimum of permeability, respectively, under dynamic 
condition of bias. For a ferrite of normal remanence 
generally «1, > ~y: however, in all cases observed by the 
authors for this family of ferrites, wo = pay within 5 per 
cent. For ferrites of abnormal remanence no general 
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uQf vs r-f flux for Ferroxcube IVC under bias con- 
ditions. (Measured data.) 


rule can be stated: in Ceremag 27 it was found with 60- 
cps bias that »3;<»,. In both Ferramic Q and Caraperm 
VG under the same conditions there was evidence that 
more than one peak existed in each branch of the but- 
terfly loop. 

It was generally found that the application of 60-cps 
bias gives an apparent » vs H)j,, pattern different from 
that observed with slowly changing d-c bias. Figure 17 
shows the curves of apparent » vs Hyiqs for d-c bias and 
for a-c bias of different peak amplitudes, using Ferrox- 
cube IVC. These curves indicate a delay of considerable 
duration, of the order of 1 millisec, between bias and 
permeability. A large part of this time lag is probably 
a delay between current and bias field in the biasing 
circuit, since the technique used could not directly meas- 
ure the magnetic field in the core. However, delay be- 
tween bias and its effects in ferrites was observed. With 
samples of LTT 1102 a period of progressive change of 
permeability. lasting more than 1 sec, was noted after 
application of bias; the fact that it was possible to repeat 
the phenomenon several times in succession seemed to 
rule out the hypothesis of a thermal effect. 

Parallel vs Transverse Bias. All the previous con- 
siderations relate to a bias field applied parallel to the 
r-f magnetic field in the ferrite. This type of bias offers 
the fundamental advantage of using a closed magnetic 
path for the bias flux around the ring of the core. How- 
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ever, it requires decoupling the bias from the r-f field. 
This problem can be solved, assuming that identical 
cores are available, by using the balanced system de- 
scribed in Fig. 18. 

The idea of using a bias of different orientation seems 
interesting. A transverse bias, for instance, would offer 
a simple geometrical separation between bias and r-f 
field. Several explorative tests were made with this kind 
of bias. The set-up used is sketched in Fig. 19. Perme- 
ability and »Qf were measured in the conventional way. 
The measurement of the bias field presented a rather 
difficult problem because of the existence, in the bias 
flux path, of a complicated succession of materials of 
various (and unknown) magnetic properties. An ap- 
proximate evaluation of the field intensity in the ferrite 
was reached using a GE gaussmeter inserted in a small 
hole (0.09 in. diam) drilled in the ferrite core and 
applying the formula: 


Heies = 0.5 (1 + m Sic (17) 


where Hineas was the field measured (in oersteds) in the 
meter, and wg, = arc tan B/H was obtained from the 
B-H loop. 

Figure 20 shows the permeability-bias curve observed 
with Ferroxcube IVA using both transverse and parallel 
bias field. The shapes of the two plots are similar; how- 
ever, the intensity of the field involved is different by a 
factor of about 50. There is obviously no convenience in 
using transverse field bias for tuning: in fact, parallel 
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Ferrite | | Ferrite 


a 


Push-pull 
r-f signal 


Balanced cavity for decoupling r-f flux and d-e bias 
applied parallel to the r-f magnetic flux in the ferrite. 
(After Plotkin, Brookhaven Laboratories. ) 
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Set-up for applying transverse bias. 
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bias requires the minimum of field intensity to saturate 
the ferrite. 

Nevertheless, transverse bias gives a better perform- 
ance from the viewpoint of ferrite losses. Figure 21 
shows a comparison of performance using parallel and 
transverse bias with Ferroxcube IVA and C. The in- 
crease of »Qf on the upper frequency side of the IVA 
curve for transverse bias is certainly worth noting. The 
Q at 30 mc appears to be 37 for parallel bias and about 
200 for transverse bias. In the Princeton-Penn synchro- 
tron application, the IVA material presents an_ initial 
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permeability high enough to allow the required band of 
frequency to be covered with bias tuning. The curves of 
Fig. 21 show that using parallel bias the »Q/ is pro- 
hibitively low, so that this ferrite should be rejected; 
while, using transverse bias, the »Qf rises well above 
10'° eps—the region of frequency in which the maximum 
of efficiency is required. Therefore, with transverse bias 
this ferrite appears acceptable. Of course there remains 
the problem of providing the enormous magnetic field 
intensity required for biasing. In Fig. 22 a possible way 
of obtaining a transverse bias is indicated. The conductor 
carrying the biasing current is located in a groove opened 
in the center of the rectangular cross section of the fer- 
rite ring. The average intensity of the magnetic field in 
the core is approximately: 

Abiar = I/2xrr, (18) 


where r, is the radius of the mean bias field path. Note 
that in the case of parallel bias the intensity of the mag- 
netic field in the center of the core would be: 


_— = I/2xr, (19) 


where r, is the mean radius of the ring. 

It seems possible to arrange the geometry of the core 
in such a way that transverse bias is obtained with the 
same current required for parallel bias; that will occur 
for: 
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(20) 


At a given frequency, saturating a ferrite to a certain 
permeability with a transverse bias (rather than with a 
parallel bias) has corresponded in all the ferrites tested 
to an increase in Q. In general, the higher the initial 
permeability, the higher the difference in Q for the two 
kinds of bias orientations. 

Simultaneous application of transverse and parallel 
bias was also tried. Fixing the transverse bias at a given 
value causes the material to assume a new “initial” 
characteristic; subsequent application of parellel bias 
causes it to follow the usual pattern. More specifically, 
a transverse bias applied to cores of IVA (which has 
initial permeability of 600) reduced the permeability to 
170 (the initial permeability of a IVC core) and a pQf 
comparable to that of the IVC under initial conditions 
was obtained. Furthermore, using a parallel bias a »Qf 
vs Hyiag pattern was obtained for the IVA material which 
was also similar to the IVC pattern for parallel bias. 

This suggests the possibility of using a fixed trans- 
verse bias to control the characteristics of a ferrite. 


Dielectric Properties 


There is even less published data existing regarding 
the dielectric properties of ferrites than there is on the 
magnetic properties. (8, 9, 10) That the dielectric con- 
stant is high compared to materials such as mica, glass, 
and various plastics is well known, however, ranging from 
the order of 10 for some nickel-zinc ferrites at moderate 
radio frequencies to about 10,000 for manganese-zinc 
ferrite with direct current. 

Whether or not there is a nonlinear capacitance effect 
with applied d-c potential, analogous to the variable 
magnetic permeability, is not known. But there does seem 
to be evidence that the magnetic behavior and dielectric 
performance are quite separate. That is to say, magnetic 
bias appears to have almost no effect on dielectric con- 
stant—which leads one to suppose that the causes of high 
dielectric constant are quite separate from domain ac- 
tions and interactions. 

Figure 23 shows the dielectric constant vs frequency 
from published data for a number of ferrites. The upper 
group of curves are for manganese-zinc ferrite, whereas 
the remaining ones are for nickel-zinc compositions. It 
is suspected that the values for Fernilite material are 
wrong as plotted, and that the value of 10° for & applies 
only to d-c or audio frequency. Nevertheless, the table 
from which the data were taken stated a frequency of 
2 < 10° to 6 & 10° cps for materials from Fernilite 
1001 to 1004. The reason for suspecting an error is that 
all the other curves show a decreasing k with frequency. 
According to Went and Gorter this is the normal ex- 
pected behavior for semiconductor materials. (8) 

Figure 24 shows the Q/kf figure of merit vs frequency 
for various ferrites from published data. It is to be noted 
that this factor was given in none of the sources but was 
calculated from various other data given (different for 
each manufacturer) according to one of the following 
relations: 

| 1 ys see éo 4 

Wf Wind Be ~~~ = 
where Q is the dielectric quality factor; k is the dielectric 
constant; D is the dissipation factor; <’ and «” are com- 


ELECTRICAL MANUFACTURING 





ponents of complex permiltivity, ¢ representing dielectric 
properties and e” losses; €, is permittivity of free space; 
o = conductivity. 
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It is noted that the curves all have a downward trend 
with frequency except Fernilite (to which the previous 
comments still apply) and Stackpole 7A, which appears 
genuinely to have a somewhat different behavior. 

Figure 25 shows the comparison between measured 
and published values of & for Fernilite 1101. This figure 
also shows a comparison of four different methods of 
applying electrodes to a sample. The sample for the first 
three measurements was a Fernilite 1101 rectangular 
block measuring 3.781 * 4.719 1 in. The fourth 
measurement was made on a small ring 1.127 in. OD, 
0.6084 in. ID, 0.2084 in. thick. 

Figure 26 shows the measured dielectric constant vs 
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Frequency, cps 


Q/kf vs frequency for Ferroxcube and Fernilite ma- 
terials. (Published and measured data.) 


frequency for various grades of Ferroxcube IV mate- 
rials. The samples measured were all similar in size to 
that mentioned above. The highest » material (IVA) 
has the highest dielectric constant. The other materials 
have lower values and are substantially constant over a 
considerable band of frequencies. Three of the samples 
are plotted as average values only because the scattering 
of measured points would confuse the diagram. 

Figure 27 shows the measured dielectric constant of 
various Fernilite materials where the samples were small 
rings of the approximate size described before. It can be 
seen that in the 1 to 50 megacycles region, these mate- 
rials are very similar to the Ferroxcube materials (ex- 
cept for IVA). 

Figure 28 shows the Q/kf factor for all of the mate- 
rials tested. In all cases the measured values were a 
number of magnitudes lower than the published values. 
It is noted that all materials have measured curves of the 
same shape. 

Few conclusions can be drawn from the dielectric data 
presented except to note the general consistency of the 
curves. It appears from the wide discrepancy between 
measured and previously published values that much 
work remains to be done in this field. 

The important consequence of the dielectric proper- 
ties of ferrite, aside from the fact that the total losses 
may include dielectric losses in the ferrite itself, is the 
consideration of dimensional resonance. (9) 
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Recommendations For 
Ferrite Specifications 


The selection of a ferrite for use in high power r-f 
tuning requires information (of the type we have dis- 
cussed) which is not available from present manufactur- 
ers’ literature. In making available to design engineers 
the type of data listed in Table IV, ferrite manufacturers 
would be filling a real need. 

With the help of these data an orientative idea of a 
given ferrite’s suitability for r-f tuning can be obtained. 
The information for item 1 of Table IV can be con- 
veniently shown in a graph as sketched in Fig. 29. 
The curve labeled », is the »Qf vs frequency for the un- 
biased ferrite; the curves labeled p,, ws and ps are for 
evenly spaced bias values, f, and fy represent the mini- 
mum and maximum frequencies, respectively, between 
which it is desired to operate. It may be convenient to 
start from zero bias, in which case the initial »Qf is 
known—e.g., the value “a” in the sketch. Other values of 
xQf can be determined by finding the frequencies at 
which the values of »,, 2, and ws are passed through. 


This can be done by the equation: 


{= fim \ = (22 
bu 


The intersections of three typical frequency ordinates 
with the »Qf curves is shown in Figure 29 to give values 
“bh.” “c” and “d”. Generally, the maximum frequency 
fy does not coincide with any frequency calculated by 
Eq (22), but there are available enough points for 
drawing an interpolated region of operation as shown in 
Fig. 30. The shaded area indicates the effect of increas- 
ing r-f flux on the assumption that the 1/B,; law holds 
for low bias and no dependence of »Qf upon flux at 
high bias. 

Of course, for the same ferrite, different conditions of 
operation can be chosen according to particular needs. 
Assume, for instance, that it is important to have a high 
»Qf in the center of the band, while the requirements at 
the sides are less stringent. In that case the central fre- 
quency f, will be taken as reference in the choice of a 
proper bias. Suppose, for example, that the ordinate f, 
falls at the peak of the »Q/ curve for p, of Figure 29. 
Then the other points should be obtained from p,. po, 
and zp; from: 


j 
My 


= fo (23) 


u 
It should be noted that the possible solution of this case 
requires a certain amount of bias even at the minimum 
frequency fm. The interpolated region is sketched in 
Fig. 31. 

Concerning the dielectric specifications, the dielectric 
constant given enables the calculation or estimation of 
stray capacity in the resonator structure. Of course, an 
actual size and shape must be postulated before these 
data can be used. The same is true of the dielectric fig- 
ure of merit. For a proposed configuration and voltage 
the electric field can be estimated and the dielectric losses 
calculated. 

Specification 5, Table IV, may be derived from the 
previous ones, but if listed along with them, it offers con- 
siderable convenience to the designer. The use of 8 is to 
calculate the possible dimensional resonances once the 
tentative dimensions have been set down. O00 
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Table I1V—Suggested Data for Specifying 
Ferrites for R-F Power Tuning Applications 


1. (uQf) vs frequency in a demagnetized condition andjunder at 
least three evenly spaced values of bias, for 5 gauss r-f flux. 


2. u vs parallel bias at low frequency, starting from demagne- 
tized condition. 


3. Dielectric constant vs frequency for low applied electric fields. 


4. Dielectric figure of merit Q/kf vs frequency for low applied c .- 
electric fields. f 
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5. Propagation constant (8 = w \/Kue mvs frequency and >a 
By © quency in accordance with item 1 of Table IV. 


bias as in specifications 2 and 3. 
6. Thermal behavior of all parameters in the region 10 C—80 C. 
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J. L. Singleton Heads NEMA 


Joseph L. Singleton, vice president, 
Industries Group, Allis-Chalmers 
Manufacturing Company, Milwaukee, 
has been elected president of the Na- 
tional Electrical Manufacturers As- 
sociation to fill the unexpired term of 
the late W. V. O’Brien, vice president 
and general manager, Apparatus Sales 
Div., General Electric Company, who 
died on June 21. Mr. Singleton has 
been a member of the NEMA Board 
since 1952, and has served as a vice 
president of the association since 1955. 
He will serve as president until the 
association elects its 1959 officers at 
the annual convention next November 
at Atlantic City. 

Following his graduation from Ala- 
bama Polytechnic Institute in 1926 
with a B.S. degree in Mechanical Engi- 
neering, Mr. Singleton entered the 
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Allis-Chalmers graduate engineers’ 
training course. He worked in various 
departments of the company before 
going to the Denver, Colo., district 
sales office of the General Machinery 
Division in 1930. 

In 1942, Mr. Singleton returned to 
the West Allis (Wisconsin) Works as 
assistant manager of the steam turbine 
department. Later he became manager 
of the firm’s general machinery divi- 
sion sales offices. Mr. Singleton was 
named vice president and director of 
sales for the General Machinery Di- 
vision in 1947 and four years later 
was named vice president in charge 
of the entire general machinery divi- 
sion. He was elected to the Allis- 
Chalmers Board of Directors in 1951 
and in 1955 was promoted to vice 
president, Industries Group. 
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Fig. 1—Frequency response curves for transformer load set, including generator impedance. Bands show ranges of desired 


characteristics. 


Dynamic 
“‘In-System’” Specifications 
for Control Components 


For control element performance and design definition, the static concept of a 
component as an isolated and self-contained unit is no longer adequate. The system 
designer must have component specifications expressed in functional system-be- 
havior terms, and the designer of components must have an appreciation of their 
surrounding operational boundaries. The system-philosophy approach to the casting 
of specifications is based on testing and then expressing the results in control-theory 
terms. The reasoning behind this approach is supported by specific examples of 
widely used control system elements. 
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DENNY D. PIDHAYNY 


Chairman, SUBCOMMITTEE ON COMPONENT SPECIFICATIONS, AIEE 


RECENTLY THE NEED FOR dynamic response data has been 
recognized to such a degree that it has been partially 
introduced into component specifications. In general, 
this has taken place in those cases in which the particular 
component was the crucial element in the control loop, 
as for instance for certain rate gyros. For these, the im- 
portance of the dynamic response was recognized at an 
early date because of the almost complete dependence of 
system operation on the response of the gyro, as in air- 
to-air interceptor weapon systems. The same can be said 
of accelerometers and similar devices employed in stable 
platforms in inertial guidance systems. For servo motors, 
dynamic data such as the time constant of the output 
angular rate in relation to a step input of voltage to the 
motor has been given as specification information. 
There is a class of components that operates in such a 
manner that direct measurement of dynamic response 
cannot be made. Devices with delicate balance set points 
fall in this category. A group of devices that exhibit 
regenerative characteristics may also be considered to 
be in this class, an example being a motor drive unit em- 
ploying a saturable transformer with an a-c servo motor. 
Generally speaking, the transfer function of a component 
may be obtained by connecting it into a low-gain closed 


Fig. 2 (right) Rate meas- 


uring gyroscope (Minneapo- 
lis-Honeywell Regulator Co., 
Boston Div.). 


3 (below)—Circuit for 


gyro test. 


3¢ 
1.5v-400cps 


loop and then measuring the component input and output 
quantities while the loop is excited. 

A subcommittee of the Feedback Contro! Systems 
Committee of the AIEE has been exploring the possibil- 
ity of introducing the “control-system” concept into 
specifications for components. The need for this concept 
for component specifications arises because of the gen- 
eral emergence of the systems approach in control tech- 
nology. Formerly, systems were designed using what may 
be called the “black-box” philosophy. Each black box or 
component was developed to be as clean as_ possible 
between output and input. When these elements were 
interconnected it was frequently found that the result- 
ing system would not operate satisfactorily. In order to 
make the system operate, compensation techniques were 
introduced to overcome the various deficiencies of the 
components. 

In effect, the introduction of the systems approach 
begins with the declaration that the clean black boxes 
must become “unclean” black boxes. This implies that 
the frequency response or dynamic capability of each 
component or element must be improved. 

The further application of the systems concept is to 
apply to each component a set of requirements, relating 
output and input characteristics, that are based on 
dynamic considerations. These are applied by stating the 
need for certain output-to-input transfer functions, fre- 
quency and phase responses, or time responses. 

The systems approach is based upon the use of the 
differential equations that describe the physical system. 
The solutions of these equations are the frequency and 
time response capabilities. With these quantities it be- 
comes possible to specify a component in terms that are 
for the most part measurable. The system designer is in 
a very good position to specify the dynamic response of 
each unit, and he can also relate the “trade-off” between 
component and system requirements. 


The desired component specification must satisfy two 
end purposes. It must be in a form to enable a system 
designer to consider the output-to-input data and utilize ” 
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it to determine the overall dynamic system behavior. In 
this, he will use terms common to servo technology. such 
as gain margin, phase margin, time response, dead zone 
and linear range. The system designer can then relate the 
tolerances permissible for each component, and can de- 
termine the deterioration of system performance that 
takes place due to the shortcomings of components. 
Furthermore, tolerances on components must also include 
the manufacturing variations to be expected within the 
economic level set for each component. In Fig. 1 one 
method of considering tolerances is illustrated. The test 
required to obtain this information will tend to be of a 
design-assurance nature rather than a production test; 
good quality control techniques must be followed in pro- 
duction. 

The second goal for a specification is that it enable 
the component designer to relate component design 
parameters to the desired dynamic response character- 
istics. For this the component designer requires consider- 
able insight into the equivalent circuit for the component. 


The Subcommittee On Component Specifications, AIEE Feedback Control Systems Committee 


The following is a summary of the objectives of the 
Component Specifications Subcommittee : 


1. For each component, the Subcommittee should add 
to and consolidate existing specifications to indicate 
the dynamic response and other characteristics which 
the system designer needs. 

. If there are no existing specifications on a given 
component, the Subcommittee should work with the 
appropriate technical committee to prepare these 
specifications. 

. The methods for testing a component should be 
given to assure that the desired characteristics are 
properly obtained. 

. The Subcommittee should endeavor to educate both 
the system designers and component designers as to 
the need for dynamic response specifications. 


The members of the Subcommittee have taken the re- 
sponsibility for the individual areas of components. The 
assignments are included in the reference. A number of 
components have been evaluated. Considerable time is 
being spent in attempting to describe the dynamic re- 
sponses or “transfer functions” of components. In some 
cases a direct relation is not practical where a large 
number of variables are present. Another case which is 
formidable is the one that deals with “cascaded” electro- 
mechanical or similar devices. The most appropriate way 
to specify such devices has been discussed at length, but 
no easy solution is at present apparent. The effect of the 
loading of one unit upon another may completely change 
the “transfer function” of each series component. This is 
a subject for more study. 

The application of the control systems point of view 
will require of component designers that they under- 
stand the basic physics of the mechanism of components 
to a much greater degree than they do at present. The 
system designer in turn will be forced to understand 
better the relationship of the “transfer function” speci- 
fication to the parameters that define components. It 
should be strongly stated that the Subcommittee does not 
intend to design components, but it must be certain that 
the bridge is established between the “transfer functions” 
and the design parameters of components. Assistance 
from both system and component designers will be ap- 
preciated. The chairman requests that component manu- 
facturers add to their mailing lists the name or names 
applicable. Copies of catalog and engineering data are 
desired. 
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| Ernest Therkelsen, Willow Run 
Laboratories, University of Michi- 


| gan, Ann Arbor, Mich. 
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Synchros 








Gyros 
HIG-Spring Air Arm Division No. 160, Box 746, 


Baltimore 3, Md. 


7. Westover, Servo Corp. of 
America, 2020 Jericho Turnpike, 
New Hyde Park, N. Y. 

R. G. Beadle, General Electric Co., 
Schenectady, N. Y. 

Denny D. Pidhayny, The Ramo- 
Wooldridge Corp., 5500 El Segundo 
Blvd., Hawthorne, Calif. 


‘Dr. Harold Trueblood, The Ramo- 
Wooldridge Corp., 5500 El Segundo 
Blvd., Hawthorne, Calif. 
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D. C. Morin, Dynex, Inc., 777 Dynex 
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E. S. Sherrard, Bureau of Standards, 
U. S. Department of Commerce, 
Washington 25, D. C. 


“Jack Mitchell, Hughes Aircraft Co. 
Weapons System Development Lab., 
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D. Herr, Consulting Designing Engi- 
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Fig. 5—Frequency and phase response test on feedback amplifier transformer, Peerless Electric Products Spee. 16475. 


If he does not understand how to relate these quantities, A. 
then it becomes difficult for him to meet the specifica- . 
tions. In most cases in which wide frequency band op- 

eration is required, the use of empirical techniques has 

permitted the design of satisfactory components. Gen- 

erally speaking this requires the “build-trim-rebuild” 

technique to arrive at a satisfactory component. If rigid 

control of all materials and physical factors is main- 

tained, then duplication of a component is possible. If, 

on the other hand, these controls are not imposed by the 

specification, then component duplication by a second 

source becomes difficult. To permit the component de- 

signer to understand better the desired specification he 

should be give more acquaintance with the operational 

boundaries that encircle the component. The component 

designer may be in a better position to develop an opti- 

mum design with the added and broader data possible 

with specifications that depict dynamic characteristics. 

Many times the Component designer is able to state — Fig. 6—Feedback amplifier transformer (Peerless Electric 
tain important quantities that must be added to a specifi- Products, Altec Lansing Corp.). 
cation to more accurately describe a component. 

Typical Requirements. The application of dynamic- 
response requirements to system elements in turn makes 
necessary the development of dynamic-response specifi- Oscillator 7] 
cations for individual components. A complete specifica- 
tion may list many requirements, some of which are 
dynamic in nature and others that are not. Important 
typical requirements for component specification include: 


oO 

Dead time -b 
Frequency response; phase response == 
Gain 
Input and output resolutions 
Response time 
Time constant 
Transfer function 
Drift: the output with zero input 
Impedances: input, output and transfer ratios of volt- 

age to current [vtvM VTVM 
Maximum power: the total power that can be obtained 

from the unit, which may be expressed in terms of Fig. 7—Test circuit for feedback amplifier transformer. 
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400cps 115v-400cps Transformers, general. 

control Nerarence Frequency and phase response. Output-to-input voltage 
| | in relation to frequency. 
| Time response to a step. Output voltage related to time 


LQQQ0 ° 
Converter : og Angle pick-off for a step input. 


or 
modulator electrical : 
Motor detector Transformers, pulse. 
Time response. Output voltage related to time for a 
pulse input. 


















































Phase Gyros. 

Function oscilloscope 5 . ‘ 

sinned A a Frequency and phase response. Electrical output angle 
generator 























related to mechanical input angle, and electrical out- 
put rate related to mechanical input rate. 




















Recorder Motors, small. 

Mechanical: frequency and phase response. Input 
Fig. 8—Block diagram of test equipment for measurement of modulated voltage to output angle or rate. 
attenuation and phase characteristics of servo motor. Electrical: frequency and phase response. Impedance of 











windings. 


Motors, large. 
maximum power as such or possibly as values of Time response: output speed in relation to time for a 
torque and speed, or force and velocity step input change. 
Saturation level: the maximum value of the output for 
which an essentially linear relation with the input is Analog-to-digital converters. 
obtained. Frequency and phase response. 
The systems approach to component specifications is Dead time. 
primarily applicable to the dynamic response quantities. 
In connection with any particular class of components Resolvers. 
there are certain dynamic response characteristics that Mechanical: time response. Inertia of rotor, friction of 
are required to define the component: rotor. 
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Fig. 9—Attenuation and phase characteristics of servo motor, K earfott R-110-2, with series connection. 
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Fig. 10—Feedback amplifier block diagram. 


Electrical: frequency and phase response. Output-to- 
input voltage related to frequency. 


Relays, servo. 
Mechanical: dead zone, time response. 
Electrical: frequency and phase response (non-linear). 


Hydraulic transfer valves. 
Mechanical: frequency and phase response. 
Electrical: frequency and phase response. 


Gyro test data. Examples of test data for certain 
particular components can illustrate the various types of 
transfer functions that may be derived from dynamic 
response measurements. The first such component, Fig. 2, 
is a rate gyro. (1)* In the testing of the gyro, the input 
function is a mechanical sine wave of motion, and the 
output is an electrical signal. 

For the test of the gyro, it is mounted on a mechanical 
oscillator and connected in a test circuit as indicated in 
Fig. 3. The gyro spin motor and its pickoff are excited, 
and the gyro made to oscillate sinusoidally about its input 


*Italic numerals in parentheses refer to Cited References at end of article. 


axis at various frequencies from zero to 100 cps. At in- 
tervals of 5 cps, readings are taken of the relative ampli 
tude of the output signal and phase lag between the output 
signal and the input oscillation. The relative amplitude 
is obtained by comparing the modulation envelope of the 
electrical output to a reference signal representing the 
input motion. The modulation envelope, here, consists 
of the carrier signal which is the frequency of the gyro 
pickoff excitation plus the sinusoidally varying output 
signal from the gyro which is at the forcing frequency, 
i.e., the frequency of the input motion. The reference 
signal is supplied from a Microsyn Position Indicator 
which is mechanically coupled to, and oscillates with, the 
test gyro. The ratio of signal strength at any modulating 
forcing frequency between the output from the test gyro 
and the output from the reference Mycrosyn represents 
the amplitude response of the gyro. 

The phase response of the test gyro to its sinusoidal 
input motion is similarly determined by measuring the 
differences between the electrical phase angle of the 
gyro’s modulated output signal and the phase of the 
Microsyn reference signal. 

The Microsyn Position Indicator has a dynamic char- 
acteristic which is independent of the input and therefore 
provides a true reference signal in both phase and ampli- 
tude of the input motion. The test is normally conducted 
at three ambient temperatures, room temperature and the 
two exireme specified operating temperatures of the gyro. 
Figure 4 represents the results of a dynamic response 
test on the rate gyro. 

Transformer. Frequency response and phase re- 
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Fig. 11—Closed loop frequency and phase response, feedback amplifier with highly resonant transformer load set. 
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sponse tests were conducted on a wide-band high quality 
transformer, intended for application in a high-gain feed- 
back amplifier, with results shown in Fig. 5. (2) Both 
the input function and the output are electrical signals 
in the case of a transformer. The particular transformer 
tested, Fig. 6, is rated at 40 watts maximum output at 
400 cycles although it was tested at a much lower level, 
with the input voltage maintained at 7 Phase 
measurements were made using Lissajous figures; the 
test circuit is shown in Fig. 7. 

Servo motor. Another commonly used control sys- 
tem component is the two-phase servo motor. (3) 
Characteristic data for the in-system behavior of a motor 
of this type was obtained by the use of the test circuit, 
Fig. 8. The motor input signal was an electrical 400-cycle 
carrier which in turn was amplitude modulated; the fre- 
quency plotted is the frequency of the modulation. The 
output is a mechanical rotation of the motor shaft. The 
resulting attenuation and phase characteristics of the 
servo motor, over a range of control-phase voltage, are 
as indicated in Fig. 9. 

Effect of component response. The effect of com- 
ponent dynamic response upon system response can be 
shown by the simple example of a feed-back amplifier 
with a highly resonant transformer load set, Fig. 10. The 
transformer load set resonance is at 10,000 cps and the 
low frequency equivalent of the transformer is taken at 
300 cps. The total combined circuit lag is assumed to be 
zero. Actually this is approximately correct but it does 
help to show the effect of a resonant component in the 


loop. 


volts. 


LI a ee | 


| Frequency response 
‘ i 


The closed loop frequency and phase response of the 
output against the input, e,/e;,, for various gain settings, 
was determined. With a high-Q resonant transformer load 
set employed, Fig. 11 shows the peaking that occurs in the 
frequency response of the closed loop. The peaking is 
the result of the large phase shifts present. With reduction 
in gain the closed loop response drops and the peaking 
is eliminated. A transformer load set having a lower Q 
value was then substituted in the circuit, with the result- 
ing closed loop response shown in Fig. 12. 

An interesting conclusion can be derived from a com- 
parison of Figs. 11 and 12. For the same gain settings. 
considerably more peaking of the closed loop curves 
takes place in the case of the high-Q load set, Fig. 11. 
It is in this region that difficulty may be experienced with 
ringing and instability if gain variations occur upward. 
From the systems point of view it is generally desirable to 
keep all resonant peaks at low values. O00 
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One form of installation of thermostatic 
inherent overheat protector. Motor is 
l-hp, 3-phase. (Photograph by Metals 
& Controls Corporation.) 


Built-In Overheat Protection 


for Three-Phase Motors 


The inherent or built-in form of motor 
overheat protection is alert to all of the 
various causes of motor heating because 
it is responsive to motor current as well as 
to motor temperature. Theoretical com- 
parisons between the action of inherent 
protectors and of protective systems using 
remote relays are supported by laboratory 
investigations of resultant temperatures in 
motors using each sysem under various 


conditions that lead to overheating. 
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INHERENT OVERHEAT PROTECTORS have until now been 
used almost entirely for single-phase motors in frac- 
tional-hp sizes. Built-in three-phase motor protectors are 
now available for 60 cycle polyphase industrial motors 
in ratings through 714 hp, 220/440 volt dual-voltage 
and 550 volt single-voltage. These inherent overheat 
motor protective devices are in production in a series 
of body sizes to cover the range of protection require- 
ments of motors with relatively small running and 
locked-rotor current, such as are encountered in a 14 hp, 
550 volt, three-phase motor and through the larger sizes. 
Two of the commercial sizes, for motors through ap- 
proximately 2 hp, are available in manual reset as well 
as automatic reset types. Two sizes of protectors are 
also currently in production for delta-connected motors. 
in automatic reset type only, with ratings to cover a 
range from fractional through 5 hp, 220/440 volts. 

A companion line of motor protectors is also in pro- 
duction for application to 200 volt, 400 cycle a-c, 4-wire 
grounded neutral motors such as are used on aircraft. 
These include two additional protector frame sizes to 
accommodate motors from the same minimum size up 
through approximately 20-25 hp continuous duty and 
35 hp intermittent duty. All of these protectors are for 
use on Y-connected motors. 





Built-in Protectors. The prime function of overheat 
motor protection is to limit winding temperatures in 
motors to maximum safe levels for all conditions of 
overload. The basic design objective is to keep over- 
loaded motors operating as long as it is safe for them 
to do so, regardless of the cause of the overload. To 
take an overloaded motor off the line before maximum 
safe winding temperature is reached is to limit the out- 
put of the motor unnecessarily and to cause nuisance 
shutdowns. Failing to take the motor off the line when 
it has reached maximum winding temperature is to risk 
burnout of the windings. 

The inherent type of protector best achieves this de- 
gree of protection in motors. This has been amply 
demonstrated during the past twenty years of field ex- 
perience in millions of single-phase motor protection 
applications. Placed in the motor as near the hot spot 
as is structurally feasible, and responsive to motor cur- 
rent as well as to motor temperature, the inherent type 
of protector is responsive to all of the factors that cause 
motor heating. It integrates into a final temperature 
summation the heating effect of such factors as ambient 
temperature, motor current, blocked ventilation, bearing 
or rotor friction, and voltage and frequency abnormal- 
ities for all conditions of operation from no-load run- 
ning to locked rotor. By calibrating the inherent pro- 
tector to trip and open the motor circuit at the maximum 
winding-temperature level, overheat protection is achieved 
without nuisance trips or burnouts. 

When the development of a three-phase motor pro- 
tector was undertaken, single-phase experience was drawn 
upon heavily. Basically, it was necessary to provide three 
heater and contact circuits with appropriate termina- 
tions as compared to the single heater and contact 
circuit of the conventional design of a single-phase pro- 
tector. In construction, three-phase protectors for Y-con- 
nected motors are similar to their single-phase counter- 
parts in both automatic and manual reset types. The 
major difference between them is that the former has 
three heater and contact circuits in order to give each 
motor phase winding its own heater circuit. The three- 
phase protectors shown in Figs. 1 and 2 and the sche- 
matic diagrams in Fig. 3 illustrate this arrangement. 

Both single-phase and three-phase protectors are made 
from the same base molding materials—which include 
phenolics, alkyds and silicones—depending upon the 
overload temperature levels at which the protector is to 
work. These temperature levels, in turn, are dependent 
on the class of insulation system in the motor to be 
protected. This is in accordance with the principles of 
protection successfully employed in single-phase motors. 
Aircraft electric motors are generally built to operate 
at relatively high winding temperatures on overload and 
take protectors made with the silicone molding com- 
pounds, while the alkyd and phenolic materials generally 
find use in motors for home appliances and for indus- 
trial machinery drives. 

The thermal element used in the three-phase protec- 
tors is the well-known bimetallic disk. It is much the 
same as those used in single-phase protectors, except 
that it is provided with three contacts instead of two. 
The disk becomes the neutral point of the Y-connected 
motor circuit. For 4-wire grounded neutral motors, a 
circuit is provided to the center of the disk for con- 
nection of the neutral point of the motor to ground. 


80 











When the disk snaps to open position on attaining its 
calibrated temperature setting, the three heater and wind- 
circuits are broken simultaneously. Because a heater 
circuit is provided for each winding, it is possible to 
protect three-phase motors against unbalanced voltages 


and single phasing as well as against prolonged overloads, 


stalled rotor, lack of ventilation, high ambient tempera- 
ture and excessive heating in plugging or reversing duty. 

Development Background. A three-phase inherent 
protector could have been developed at the same time 
as the single-phase, or at any time since the development 
and acceptance of the single-phase inherent protector. 
To understand why it was not, it is necessary to recall 
the history of the acceptance of the single-phase inherent 
protector. 

The National Electric Code was written around elec- 
trical products already in existence at the time of the 
Code’s conception. It was worded to cover remote pro- 
tection by fuses, thermal cutouts, thermal relays and 
similar devices. As the home appliance market developed, 
the fractional-horsepower single-phase motor market 
became highly competitive. As a result, designers of such 
motors had the incentive to reduce costs and improve 
their products. Among other things, these objectives led 
to a re-examination of the existing methods of remote 
motor protection. Remote protection was found to have 
at least three basic weaknesses. Remote protection by 
other than circuit fuses is more expensive than inherent 
protection, and does not permit the maximum safe usage 
of the motor. Also, the motor winding and the remote 
protector are not located in the same ambient and this 
can lead to unsafe conditions. 

Recognizing these weaknesses, motor engineers soon 
put inherent protectors into use. As a result, an addition 
was made to the Code to recognize inherent protection 
and permit obtaining its benefits. The ordinary circuit 
disconnect switch was long ago found to be unsatisfac- 
tory for the purpose of starting a-c motors. The motor 
starter switch was developed. This starter switch had 
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Fig. 1 (left)—-Manual reset thermostatic protector for 
3-phase motor application. 


\utomatic reset form of motor protector. 








the same current rating as ordinary knife switches, but 
it was designed to have greater interrupting capacity to 
handle motor locked currents. To distinguish this motor 
starter switch from general-purpose switches, it was 
rated in horsepower. Since then, all motor control de- 
vices have been thus rated, and naturally the Code rules 
involving motor branch circuits have dealt in horse- 
power also. In addition to the motor switch problem, 
power companies and users of electric motors were con- 
fronted with voltage drop and overload difficulties. Fuses 
blew out during starting and on running overloads when 
wire and fuse sizes were selected on the basis of full- 
load current. To meet this situation, it was necessary to 
select a wire of at least 125 per cent and a fuse of 200 
to 400 per cent of motor full-load current rating. The 
several rules in the Code based on this and the resulting 
values given in the tables have posed a problem in con- 


nection with the application of inherent protection. 

As long as the motor manufacturers and users were 
able to stay within conventional designs of motors which 
had approximately the same characteristics for starting 
current, power factor and efficiency, the N.E.C. rules 
developed many years ago were sufficient. As new motor 
applications developed however, it became desirable to 
build motors that deviated from the standards. Early 
designs of washing machine motors and refrigerator 
motors are two such deviations. 

Efficiency was not important in a washing machine 
motor that ran only a few hours a month, but a high 
starting torque was required. Therefore, motors were 
developed that had starting currents far greater than 
conventional motors. On the other hand, the refrigerator 
motor does not need a high starting torque, but it starts 
frequently and runs much of the time. Hence, it requires 
a high efficiency and low starting current. The refrig- 
erator motor can easily be stalled if power is momen- 
tarily interrupted while the motor is running. In the early 
days of household electrical refrigeration, such situations 
developed over wide geographical areas as the result of 
power failures. When power was restored, the total load 
demand on a network was such as to cause low vo!tage. 
Many refrigerator motors failed to start and those not 
properly protected burned out. In analyzing the situation, 
a power company involved noted that one make of re- 
frigerator had no burnouts. On further study, it was 
found that this was the only type of machine equipped 
with inherent protection. With support of additional 
similar field experience, the Code was revised to include 
specifications recognizing inherent protection for frac- 
tional-horsepower motors. 

This same revision is now going on with regard to 
integral-horsepower motors, mostly three-phase. Several 
changes have been made in the Code, particularly with 
regard to larger refrigerator motors. But full development 
and use of three-phase inherent protection will be 
hampered until the Code rules can be completely mod- 
ernized to permit maximum capacity utilization of 
motors. 

In 1948 the Bureau of Ships was using conventional 
overload relays mounted in the controller enclosure as a 


Fig. 3—Application of thermostatic protector to 2-winding, 3-phase 
motor showing high-voltage connection (left) and low-voltage 


connection (right). 
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means of protecting three-phase motors from overload. 
single-phasing and locked-rotor conditions. Both mag- 
netically actuated and thermally actuated relays were 
used. These were, of course, located remotely from the 
motor and were responsive only to motor current. It 
was found that these overload relays were not satisfac- 
tory.* Conditions of inadequate protection existed, some 
motor protection had to be sacrificed in order to obtain 
standardization of types of relays, and the calibration and 
rating of the overload relay were easily tampered with 
and changed. 

The Bureau embarked on a program for the develop- 
ment of built-in temperature responsive devices for a-c 
silicone-insulated motors. These devices actuated a con- 
troller which was located remotely from the motor. Sub- 
sequent testing indicated that suitable protection for 
squirrel-cage motors could be obtained “by means of a 
thermostatic device which is relatively simple and _ re- 
liable.” The report concluded that it was possible to 
protect this type of motor from overloads, single-phasing 
and locked-rotor conditions. It also cited some disad- 
vantages in the use of these devices, including the fact 
that control wiring had to be run to the motor, that space 
had to be found inside the motor enclosure for the 
thermally sensitive device, and that reset time of the 
device was greater than that of the thermal overload 
relay. “These disadvantages,” the report states, “are 
considered to be out-weighed by the more adequate 
protection afforded silicone-insulated motors against 
overheating due to any cause. Furthermore, it is con- 
sidered that fewer types of devices can be used to protect 
the many ratings and sizes of motors used by the Navy.” 
It was noted that the Bureau of Ships was then applying 
a number of thermostatic devices to silicone-insulated 
motors aboard vessels to determine their adequacy under 
actual operating conditions. 

Performance Tests. Three-phase motors are com- 
monly protected with either manual or magnetic starters 
having overload relays which are designed to simulate 
the heating of the motor by means of the current drawn 
by the motor. Present standards of the Underwriters’ 
Laboratories require them to trip ultimately at their rated 
current in a 40 C ambient within 8 min at 200 per cent 
of their rating, and within 30 sec at 600 per cent of their 
rating. When these standards were set up there were 
fewer types and designs of motors than there are today, 
but it has become evident from the many new types of 
overload relays designed by control manufacturers that 
a general purpose relay could not protect all motors. 
When Underwriters set the standards for inherent pro- 
tectors, they disregarded the time factor and established 
procedures based on the eventual heat that might be de- 
veloped in the motor with a protector designed for that 
particular motor. These standards require an inherent 
protector to prevent the motor from exceeding 125 C 
for any condition of running and to prevent the motor 
from exceeding 150 C for a locked condition. As the 
development of the three-phase inherent protector pro- 
gressed, many applications were made that met the re- 
quirements established by Underwriters and the _per- 
formance of the motors was gratifying. There was, 
however, no comparison, other than theoretical, of the 
advantages of inherent protection over the present re- 
mote relay method of protecting three-phase motors. 


pete (Continued on page 274) 
*AIEE Transactions, Vol. 67, 1948, J. C. Grigg and J. E. Watkins. 
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er-Thin Bonded Insulating Films 


Viniaturization of components in electronic equipment depends on space- and 


weight-saving dielectrics. Presented are methods of construction and evaluations 


of bonded insulating films for extremely small capacitors. The same techniques 


are applicable to foil coil transformer constructions. 


W. K. W. CHEN and W. E. ESTEY 

Chemical Research and Development Laboratory 
AMERICAN MACHINE AND Founpry COMPANY 
Springdale, Connecticut 


WITH THE ADVENT OF TRANSISTORIZED CIRCUITS, which 
have lower voltage and power dissipation requirements 
than conventional tube circuits, there has been an exten- 
sion in the theoretical limits of component size that can 
be made with the available basic insulating compounds. 
Some components such as coils and wound capacitors 
have not kept pace with these and other developments. 
This has, to a large extent, been due to the unavailability 
of suitable thin, strong dielectric insulating materials. 
The ultimate in miniaturization of electronic equipments, 
particularly those that are to be used in high velocity 
airborne equipment, can be attained only with thin dielec- 
tric films which could operate continuously at elevated 
temperatures. 


New Development in Thin Film Insulation 


Teflon is recognized as a stable polymer with good 
electrical properties. In addition to its high insulation 


Table I—Electrical Properties of Bonded Dielectrics 





Material 


Dielectric strength 
(volts /mil) 
(2 in. electrodes, 
double layer) 


Coating 
thickness 
per side 
(mils) 


Pinhole 
count 
(No. /ft?) 





Average Minimum 





Bonded 
Tefion 


0.06 
0.12 
0.25 
0.375 
0.50 


4600 
3000 
5200 
7100 
7100 





Bonded 
silicone 


0.25 








Bonded 
Formvar 





6.12 
0.25 








resistance (10'° ohm-cm at 25 C) and low dissipation 
factor (0.01 per cent), it can be formed into films of 
high dielectric strength which can operate continuously 
at elevated temperatures. AMF has developed a new 
composite dielectric material based on Teflon. It is well 
suited to the miniaturization of capacitors and other 
electronic components, permitting more economic com- 
ponent manufacturing methods. This new _ product, 
AMFoil,* consists of super-thin films of Teflon inti- 
mately bonded to both sides of aluminum foils. 

Commercially available unsupported Teflon films are 
limited to minimum thicknesses of 0.25 mil. Capacitors 
combining these films and 0.2-mil aluminum foils would 
theoretically allow for minimum-size components of 0.23 
cu in. per microfarad of capacity with a single layer of 
film, or the more commonly used 0.71 cu in. per micro- 
farad with a double layer of insulation. Theoretical vol- 
ume efficiencies, expressed as effective number of cubic 
inches per microfarad, are calculated from the relation- 
ships for flat parallel plate condensers. 

By combining an aluminum foil conductor with the 
insulating films, as is done with AMFoil, good electrical 
quality films as thin as 1.5 microns (0.06 mil) can be 
produced and handled in normal winding processes. 
Extremely small size capacitors, about 0.032 cu in. per 
microfarad, can be wound with these dielectric mate- 
rials in a single layer, or 0.096 cu in. per microfarad 
with a double layer of insulation. In addition, com- 


*Registered trademark of American Machine & Foundry Co. 
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Fig. 1—Dielectric strength testing of bonded Teflon films. 
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ponent manufacturing processes are simplified, since 
only two strips are required in winding operations. The 
combination of all these factors makes bonded Teflon 
insulations suitable for the miniaturization and economic 
production of high temperature electronic components. 

Several advances in the approach to miniaturization of 
wound capacitors have been reported. Metallized Mylar 
has been described (1)+ where the relatively high dielec- 
trict constant of this material is employed with extremely 
thin metallized electrodes (25-50 millimicrons) to yield 
very small capacitors. The available minimum thickness 
of Mylar film (0.25 mil) theoretically limits the degree of 
miniaturization to 0.075 cu. in. per mf of capacity. 

Another technique in miniaturization of capacitors, 
involving the use of thin lacquer films supported on car- 
rier films up to the point of winding, has already been 
reported. (2) Extremely small size capacitors, with 
theoretical volume efficiencies of 0.012 cu in. per micro- 
farad, can be made by combining thin lacquer films 
(0.1 mil) with metallized electrodes. However, these 
fragile dielectrics are apparently difficult to handle in 
normal capacitor production equipment. 

Bonded Teflon dielectrics can operate continuously in 
the 200-250 C range, whereas Mylar operates efficiently 
at 160 C; lacquer films operate at even lower tempera- 
tures. Insulations of a type more directly comparable to 
metallized Mylar and metallized lacquer films could be 
made with bonded Teflon dielectrics by metallizing one 
surface to give the second electrode, thus completing a 
capacitor in one strip. These dielectrics could be used 
to make extremely small size capacitors, 0.020 cu in. per 
microfarad, when the current-carrying capacity require- 
ments are not excessive. 

The investigation of methods and processes for using 
flat wires to wind wafer coils (3) has shown that this 
type of construction has many advantages over standard 
coil winding techniques employing round wires. The flat 
wire construction offers better space factors, better heat 
conductivity, elimination of hot spots, less impregnation 
requirements, and simplicity in automatic winding and 
coil assembly operations. 

One of the techniques for winding wafer coils is to 
interleave a bare foil conductor with free insulating 
films. The procedure for handling a multiple number of 


tItalic numerals in parentheses refer to Cited References at end of article. 
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Fig. 2—Pinhole-count testing of bonded dielectric films. Cylin- 


drical roller electrode is drawn over test material at rate of 
1 ft per min. A 100-volt test potential is applied between roller 
and dielectric, and pinholes are automatically counted by means 
of short circuits to a counter. 


600 


@ Indicates elastic limit 








Elongation, in. 


Fig. 3—Tensile strength characteristics of free Teflon film. 
Test samples are 4 in. by 1 in. 


narrow strips is not simple, requiring expensive winding 
equipment. When thin insulations are required, or space 
is given a priority, there is a serious limitation imposed 
by the availability of thin unbonded insulating films. 
The voltage requirements of wafer-type coil insulations 


Table tI—Tensile Strength Characteristics of Teflon Dielectrics 
(Bonded Teflon dielectrics prepared on 0.2 mil aluminum foil) 





Total thickness of 
Teflon (mils) 


Stress at elastic 


Material limit (gm/in.) 


Elongation at elastic 


Stress at break 


Elongation at break 
(gm/in.) 


limit (per cent) (per cent) 





Bonded 
Teflon 


800 
1500 





Free 0.25 
Tefion 0.50 
film 1.0 


240 
440 
480 




















*Bonded Teflon dielectrics have ro significant elongation before breaking. 
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are so low that, theoretically, pinhole-free films of a few 
hundredths of a mil in thickness are all that would be 
needed to give adequate insulating properties. Free in- 
sulating films within this range of minimum thicknesses, 
if available, would lack sufficient strength to be handled 
in any practical production process. 

In some cases, where thin insulations or high operat- 
ing temperature characteristics are required, anodized 
aluminum strips can be used as an insulated conductor. 
The anodic oxide layer of insulation can be formed into 
thin films, giving extremely good space factors. However, 
the minimum thickness of aluminum foil which can be 
converted to anodized ribbon is limited since the coat- 
ings are too brittle for some applications. 

Bonded insulated foils, slit into flat wires, are the 
easiest and most versatile materials to use in the con- 
struction of flat or wafer coils. Easier processing methods 
are derived from the single strand construction available 
with this dielectric. The strength added by the aluminum 
foil permits extremely thin insulations to be handled in 
production, and the non-brittle quality of the insulation 
does not impose any additional problems. AMFoil is 
believed to be the only known plastics-coated foil suitable 
for this type of electrical use. Some _ plastics-coated 
packaging foils have the required electrical characteristics, 
but their pinhole count is high. Also their low softening 
temperatures allow them to flow on heating or on con- 
tact with impregnating materials, thus seriously limiting 
their usefulness. 


Physical and Electrical Properties 
of Bonded Dielectrics 


The general requirements of dielectric films used in 
the miniaturization of electrical components are that they 
be thin, have good electrical properties and physical 
strength, and be capable of operating continuously at 
elevated temperatures. Other special characteristics may 
be more important in certain applications. For these cases, 
special grades of bonded dielectrics have been developed. 

Silicone resins are coated on both sides of either 
aluminum or copper foils. The silicone resin coating is 
much more compatible with silicone impregnation resins 
than is Teflon, a factor of importance when impregna- 
tion is desirable. Since Teflon cannot be readily bonded 
to copper in applications requiring a Class U insulation* 
on this metal, a silicone-resin-coated metal foil is often 
substituted. In other high temperature uses requiring an 
insulation that will withstand the degradative effects of 
high energy radiation, special silicone resin coatings 
are superior to Teflon. Where only a moderate operating 
temperature is required, Formvar would give a flexible 
and tough coating. 

The high electrical quality of AMFoil has been con- 
firmed through a number of laboratory tests. Insulation 
resistance and dissipation characteristics of these insula- 
tions have been checked by tests on sample capacitors. 
Data on dielectric strength and incidence of pinholes of 
bonded dielectrics were obtained using the following test 
procedures: 

Dielectric strengths were measured according to stand- 
ard ASTM procedure D149-55T. Tests were performed on 
double layers of bonded dielectrics placed between two 
electrodes of 2-in. diam. A d-c potential was applied be- 


*Class U is the new military designation for insulations suitable for application at 
170 C and over. 
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Table lli—Effect of Elongation on Voltage 
Breakdown Strength of Unbonded Teflon 
Films 

(Tests performed with % mil film) 





Per cent Average dielectric breakdown strength 
elongation (volts) 
of film (2 in. electrodes, 2 layers of film) 








tween the metal foils. as illustrated schematically in Fig. 
1, being gradually increased from zero to breakdown at 
a rate of 500 volts per sec. Results were recorded as volts 
per mil of insulation. 

Pinhole count determinations were made by drawing a 
cylindrical roller electrode loaded to a total pressure of 
50 grams, measuring | in. in diam by 2 in. in length, over 
a single layer of bonded dielectric at a constant rate of 
1 ft per min. A 100-volt test potential was then applied 
between the roller and the metal foil, as shown schematic- 
ally in Fig. 2. Pinholes are indicated automatically on a 
counter occur, and are ex- 
pressed as number per square foot. The pinhole counts 
obtained on the single layer of insulation are considerably 
higher than would be encountered in actual use where 
two layers of Teflon appear between metal foils. With 
this arrangement there is less occurrence of pinholes co- 
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Fig. 4—Theoretical volume efficiencies of Teflon film capacitors. 
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Table I1V—Summary of Preliminary Test Results on Bonded Teflon Dielectric Capacitors 





Dielectric 
thickness Insulation resistance Temp. Power 
between | Volume Average (megohms) coeff. factor 
metal foils Capacity efficiency volts (ppm / (per 


(mils) f (in3/mf) | breakdown os i 





35 C 125C 


0.12 














' 


16x10" | 1x10, 
18x10? 11x10 | 


2222 | 22222 





9 x 104 13x10 | 
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from constant OOO2 mils /volt) 
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Teflon bonded to O2 mil aluminum foil 
Teflon coating on both sides 
° 


Total volts breakdown 


—-— 025 mil dielectric between electrodes 
—e— O50 mil dielectric between electrodes 
—o— /O mil dielectric between electrodes 


60 





1 1 L 1 1 J 


Q02 004 006 Ol Q2 04 
Capacity, mf 


1 1 1 


40 
Q004 0006 OO! 





Fig. 7—Average voltage breakdown characteristics of bonded 
Teflon film capacitors. 


inciding in two separate layers, thus resulting in a pin- 
hole throughout the entire thickness of insulation. 

The super-thin bonded insulating films shown in Table 
I are easy to handle in winding processes because added 
physical strength is contributed by the metal foil. This 
overall strength is dependent primarily upon the thick- 
ness of metal foil employed in the manufacture of the 
bonded dielectric. Comparative data are presented in 
Table II to illustrate the magnitude of increase in tensile 
strength that bonded dielectrics have over free films. The 
results, showing the stress on free Teflon films at an 
elongation of 10 per cent (which is approximately the 
“elastic limit”), are particularly significant since any ad- 
ditional increase in elongation seriously degrades the di- 
electric breakdown strength. The “elastic limit” is taken 
as the point at which the resulting elongation is no longer 
directly proportional to the applied stress, as shown by 
the tensile test curves presented in Fig. 3. This point is 
illustrated by the data presented in Table III. Since 
bonded Teflon exhibits no significant stretching before 
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Fig. 8—Method of capacitor end construction for bonded Teflon 
dielectrics showing folded ends of strips, 
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Fig. 9—Methods of constructing capacitors with bonded Teflon 
dielectrics. Shown are bonded Teflon with recessed aluminum. 


it breaks, it has a definite advantage in its greater me- 
chanical strength and less susceptibility to degradation 
of its electrical properties by high winding tensions. 

Bonded Teflon has advantages over other film-type 
insulations in component manufacturing due to its greater 
strength and lesser tendency to curl. Since the bonded 
dielectric contains both a metal foil and a dielectric, com- 
ponent construction is simplified in that fewer strips of 
film have to be handled. For instance, in the case of 
capacitors, only two strips are required in winding units 
rather than the customary six strips. 

Of equal importance to the design engineer concerned 
with the miniaturization of capacitors is information on 
the electrical properties and size factors derived from the 
dielectrics. Theoretical volume efficiencies, expressed in 
cubic inches per microfarad, for Teflon film, bonded 
Teflon, and metallized bonded Teflon are plotted in Fig. 4. 
Bonded Teflon dielectrics can be used to make smaller 
units than free Teflon films since the bonded dielectrics 
are available with much thinner insulations. 


Table V — Test Results on Bonded Tefion Film Capacitors* 





Total insulation thickness 


Breakdown strength (volts) 


Dissipation Insulation 





between aluminum foil 


Capacity 
electrodes (mils) 


(mf) Average 


resistance 
(megohms) 


factor 


Minimum (per cent) 





0.12 210 
150 


120 





0.25 460 
500 


130 


280 
180 
100 





0.50 1350 
1120 


510 


0.03 
0.21 








850 
950 
500 








0.04 1.5 x 105 








*Capacitor construction—Two strips aluminum foil coated on both sides with Teflon. Contact made with metallic copper spray. 


Tests performed at 25 C. 
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Fig. 10—Method of spraying capacitor contacts with molten 


copper. 


The practical limits of miniaturization are equally de- 
pendent upon the electrical properties and operating 
characteristics of the insulating dielectrics. The inter- 
relationship of volume efficiencies and voltage breakdown 
properties of metallized lacquer film and bonded Teflon 
film capacitors are compared in Fig. 5. Here bonded Tef- 
lon film capacitors have relatively better space factors 
than experimental lacquer film units. In considering the 
overall question as to operating conditions, it should be 
noted that Teflon does not have to be derated appreciably 
at elevated temperatures. Its relative advantages would be 

Test results have been obtained on the performance of 
Teflon bonded to aluminum foils when wound into 
capacitors. These results, presented in Figs. 6 and 7, show 
respectively the areas of dielectric required for specific 
capacities and the average breakdown potential for similar 
units. These data are presented to illustrate the minimum 
performance that should be expected with bonded Teflon 
dielectrics. It should be noted that impregnation with 


Table Vi—Commercially Available Bonded 
Film Dielectric 





Thickness of 
individual 
coating 
(mils) 


Range of 

Insulating foil 
coating | thicknesses 

materials (mils) 





Tefion 
Silicone 
Formvar 


0.20-5.0 
0.20-5.0 
0.20-5.0 


0.06-0.50 
0.12-0.25 
0.12-0.25 





Silicone 0.25-3.0 
Formvar 0.25-3.0 


0.12-0.25 
0.12-0.25 
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silicones could improve the voltage breakdown ratings 
of the capacitors. However, it would also lower the 
resulting insulation resistances. 

The data presented in Table IV are a composite of 
preliminary results received from several established 
capacitor manufacturers. More recent data obtained with 
improved dielectrics and more advanced manufacturing 
techniques are summarized in Table V. 


Capacitor Construction with 
Bonded Teflon Dielectrics 

Special modifications to standard winding and con- 
struction procedures are required to realize the full 
benefit of these unique dielectrics in capacitors. In start- 
ing the capacitor winding, it is necessary to fold the ends 
of the strips double, as shown schematically in Fig. 8. 
This procedure corresponds to the extension of the di- 
electrics, as practiced in standard capacitor construction, 
and is necessary to prevent bare edges of aluminum from 
being exposed to the alternate foil insulation. If this pre- 
caution were not observed, only one layer of effective 
dielectric would be present at this point, resulting in 
lower capacitor voltage breakdown ratings. 

The slit strips of bonded Teflon dielectrics are thus 
available with the aluminum recessed or inset approxi- 
mately 4, in. from one edge. In capacitor construction 
the aluminum should be inset along only one edge of the 
dielectric strip so that electrical contact can be made 
to the foil electrodes on the opposite edge with the 
aluminum exposed. The alternate dielectric strips making 
up a capacitor should be displaced so that they extend 
past each other on one edge by 14 to 4 in., depending on 
the voltage rating.. This is necessary to prevent voltage 
flashover at the sides. This suggested capacitor construc- 
tion will be easily understood by referring to the sche- 
matic diagram in Fig. 9. 

Until recently, a satisfactory method for making end 
contact to capacitors wound with aluminum foil coated 
on both sides with Teflon has not been available. Alu- 
minum is generally a difficult metal to solder, and the 
exposure of only a very thin edge (0.2 mil) on each turn 
has increased the problems. A metal spraying technique 
co-sponsored by AMF and Metallizing Engineering Com- 
pany has now been established as a solution to this 
problem. 

In this method of contacting capacitors the end of the 
unit is sprayed with molten copper in such a manner as 
to prevent any penetration of the spray through the cen- 
tral hole left by the windup mandrel, or any excess spray 
penetrating from around the outside surface. A con- 
venient spray pattern for meeting these requirements 
would be in the form of a broken annulus. This technique 
is illustrated schematically in Fig. 10. The spraying con- 
ditions for this process are standard for the equipment 
being used, except that the distance from the spray gun 
to the capacitors is kept at 1.5 ft, and the units are 
sprayed at an angle. The sprayed area is covered with 
solder and the lead is heat-sealed to this tinned surface. 
A good electrical and mechanical bond is thereby ob- 
tained. 


Wafer. Coil Construction with 


Bonded Teflon Dielectrics 


Bonded dielectrics have inherent advantages when used 
in the assembly of coils of the wafer-type construction. 
(Continued on page 274) 
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Transistor Circuits Alter 
Magnetic Amplifier 
Frequency Response 


ONE OF THE PRINCIPAL LIMITATIONS of the full-wave mag- 
netic amplifier is the relatively long time-constant asso- 
ciated with its control winding. Furthermore, the variance 
of time constant with gain is so large that convenient 
compensating methods are quite difficult to employ. This 
problem has often led to the use either of a high-gain 
transistor (1)* or vacuum-tube preamplifier before the 
full-wave magnetic amplifier or of one or more stages 
of half-wave magnetic amplifiers. (2) However, the latter 
is considerably less efficient and generally has a lower 
gain. 

It is therefore advantageous to achieve a simple, con- 


*Italic numerals in parentheses refer to Cited References at end of article. 
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venient means of employing transistors to shape the 
dynamic response of the self-saturating magnetic ampli- 
fier without disturbing the d-c gain or causing additional 
drift problems. The range of application of the efficient 
high-gain full-wave magnetic amplifier can be thereby 
greatly extended. It should be mentioned that the tech- 
niques employed are general and are not limited to a 
given type of magnetic amplifier. 


Transfer Function and Dynamic Response. A 
rigorous derivation of the transfer function (3) of a 
magnetic amplifier results in a rather cumbersome ex- 
pression. However, an acceptable, simplified version 
which is quite satisfactory for illustration is given by the 


Fig. 1 (left)—-Magnetic amplifiers with circuits 
added to obtain time-constant compensation. 


Tronsistor circuit 


Magnetic amplifier 








o Sree 








Fig. 2—Schematic of magnetic amplifier with transistor com- 
pensating circuit. 
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Some solutions to the problem posed by the long and sometimes variable time- 


constants of full-wave magnetic amplifiers are posed, keeping in mind three side 


factors: 


—e 1-C gain and zero drift are not affected. 


—pe Response can be varied by making a simple adjustment. 


—p Added circuitry is simple, reliable and not heavy. 


following: 


where 


{= [ 1A.fSB,Ni X 10 > N. 
ad R. 


2A.Bm X 10-87 N, 
. -[ Hl “lk 


in which 


effective core area in sq cm 
frequency in cycles per second 
maximum flux density in gauss 
load winding turns 

control winding turns 

control resistance in ohms 

coercive force in oersteds 

mean iron path in cm 

control circuit inductance in henries 


ounuduna 


i 


Examination of Eqs (2) and (3) reveals that the 
parameters in the brackets are constants for a given core 
configuration, material, supply frequency and power 
level. Furthermore, any change in the gain constant A 
due to a variation of either the control turns or resistance 
also changes the time constant r. Therefore, as the gain 
requirements increase, the time constant increases and 
the bandwidth of the amplifier decreases. Perhaps the 
most popular methods of reducing the time constant or 
of shaping the dynamic response of magnetic amplifier 
systems are those employing an RC network in series 
with the amplifier or in feedback networks around it. 
(3) (4) Another scheme is that of negative inductance 
compensation of the control winding. (5) The method of 
inserting an RC differentiating network in series with the 
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control winding is seriously limited by attenuation of 
the d-c control signal, with resultant loss of overall gain. 
In this connection, to allow for the attenuation through 
the network by increasing the amplifier gain further in- 
creases the time constant. Feedback compensation also 
affects the amplifier d-c gain, introduces loading prob- 
lems, and may add to instability. Introducing negative 
inductance into the control circuit to cancel the winding 
inductance may create a bulky design and may also cause 
stability problems unless the frequency range is ideal. 
Moreover, this method will not usually do any more than 
extend the bandwidth over a limited frequency range. 

Although magnetic amplifiers are used to amplify a-c 
signals in many special applications, they are generally 
considered most effective as d-c amplifiers. With this fact 
in mind, one might consider some of the desired results 
of a solution more ideal than those previously mentioned. 

In the first place, the arrangement should be such that, 
if the desired dynamic response characteristics are 
varied, neither the d-c gain nor the zero drift of the 
amplifier will be disturbed. Secondly, a simple adjust- 
ment such as the variation of a resistor or the switching 
of a capacitor should alter the dynamic response in a de- 
sired manner. Thirdly, any circuitry added to the basic 
amplifier should be of a non-critical nature as well as 
simple and reliable, and should add little weight and space 
to the original package. 

Transistor Circuit Approach. An approach to the 
problem of compensation has been taken (keeping in 
mind the requirements above) and a scheme which ade- 
quately meets all of them has been developed and tested. 
A generalized discussion of the principles employed may 
be enhanced by utilizing basic circuit theory (6) along 
with sufficient restrictions to avoid complexity. Figure 
1A is a schematic diagram of a magnetic amplifier with 
two control windings. When the switch S, is closed, the 
instantaneous current in winding N, is given by 


i= T(1 _- e (R,IL,)t ) (5) 
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where / is the steady state current, determined by the 
ratio of the battery voltage divided by the series resist- 
ance. 

The output of the magnetic amplifier is proportional 
to the resultant control ampere-turns. Therefore, it is 
convenient to multiply both sides of the equation by Nev 
to arrive at the instantaneous ampere-turns. 


(Nde = (ND)c[ 1 — €&c!%e)* | (6) 


If the reactance of winding Nz is sufficiently small to be 
neglected (when compared to R;), the instantaneous am- 
pere turns contributed by Nz when S, is closed are given 
by 

(Ndr = (ND €*/¥r' (7) 


Furthermore, if switches S, and S. are closed simultane- 
ously, the resultant ampere-turns of control are 


(Ndr = (NDc [1 — &@e!20)# |] + (NID) 7 €#/¥r' (8) 


Two additional restrictions that are readily approximated 
in practice will further simplify Eq 8. If (NJ) 7 = (NI)¢ 
and t = R;C = L¢/Re, Eq (8) becomes 


(NOr = (NDc = (NI)1 (9) 


which clearly shows that the L/R time constant of the 
control winding has vanished. Furthermore, if (NJ) ,> 


(NI) ¢ and Re/Le ~ RrC, Eq (8) becomes 
(NO = (NI)r €*t!#r' (10) 


which shows that a leading characteristic can be achieved 
for servo stability considerations. 

It follows that a single battery connection (Fig. 1B) 
will contribute to time-constant compensation. However, 
considerable signal power is required to drive the differ- 
entiating network circuit, and in many cases it would be 
several times greater than the control requirements of 
the magnetic amplifier. This problem may be circum- 
vented by inserting a high-gain power amplifier in series 
with the RC circuit (Fig. 1C) so that a negligible amount 
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Nr Fig. 3 (left)—Typical push-pull, 
self-saturating magnetic amplifier. 
© Rectifiers are 1N337 silicon diodes 
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of control power is utilized to drive the differentiating 
network. 

These basic ideas may be expanded further with the 
help of Fig. 2. A signal E, is applied across the control 
winding JN. of the magnetic amplifier. E, 
the input to the common emitter transistor power ampli- 
fier through capacitor C,. The output of the transistor 
amplifier is connected to an additional control winding 
V, through an RC differentiating network. The capacitor 
C, blocks any transistor base current resulting from a 
d-c signal, as well as preventing current flow in winding 


also serves as 


\V.. due to the transistor supply voltage E,,. Resistor ry, 
biases the transistor to class A operation and the unby- 
passed emitter resistor r. increases the input impedance. 

If the input signal voltage is only d-c, a control cur- 
rent flows through winding N,: however, there will be no 
d-c current in winding Ny because of capacitors C and 
C,. On the other hand, signal variations are passed by 
C,, amplified by the transistor, and differentiated by the 
RC network. Therefore, the contribution to the control of 
the magnetic amplifier by winding Ny occurs only when 
there are transients in the control circuit of V,. Further- 
more, if the transistor operating point should change. 
capacitors C and C;, would take on a different charge 
and the d-c current in winding Ny would come to zero 
again. Therefore, the added transistor circuit does not 
affect the d-c gain or the zero stability of the magnetic 
amplifier. 

This scheme is not only effective in extending the band- 
width of a magnetic amplifier by reducing the effect of 
the control circuit inductance; it is also a convenient 
means of altering the frequency response to include such 
desired characteristics as lead, lead-lag. etc. Furthermore. 
these characteristics, for a given amplifier, may be 
changed over a wide latitude by simple adjustment of 
resistors and capacitors without altering the d-c gain or 
zero stability of the amplifier. The added circuitry is not 
critical and obviously adds little to the original weight 
and space requirements. 


9-28 volts 


100 ohms 


5 ohms 








‘ 28 volts 


Fig. 4—Transistor compensating circuit to be 
used with magnetic amplifier in Fig. 3. Variable 
components are adjusted to obtain desired fre- 
quency response from amplifier. 
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Example. The schematic diagram of a popular d-c, 
push-pull, full-wave magnetic amplifier of the self-satur- 
ating type is given in Fig. 3. The transistor compensating 
circuit shown in Fig. 4 is combined with the amplifier in 
the same manner as shown in Fig. 2. In order to obtain 
a very simple and flexible transistor circuit that could be 
tested with a number of different magnetic amplifiers and 
applications, the H-7 transistor was selected for illustra- 
tion. The H-7 transistor has a current gain above 
100 for a collector current of 300 milliamperes. The 
collector dissipation is rated at 20 watts at 25 C. The 
resistor r, is adjusted for a collector-to-ground voltage 
of 14 for Ee. 28 volts, or in the midpoint of the char- 
acteristic curve for class A operation if a lower value of 
E.. is selected. 

It should be pointed out that temperature stability has 
been sacrificed in order to simplify the circuitry for 
illustration. Although considerable drift may be allowed 
without objectionable consequences, the transistor should 
be protected at increased temperatures by the usual stabil- 
ity methods. Specific requirements may be satisfied by 
smaller high gain transistors in the milliwatt ratings. 

For a control resistance, R,, of 2000 ohms the frequency 
response of the magnetic amplifier is described by the 
phase and attenuation curves labeled (A) in Fig. 5. When 
power is applied to the transistor circuit, the bandwidth 
of the magnetic amplifier is extended by a factor of 
approximately 10 for C 0.6 mf and R = 2000 ohms. 
This is illustrated by the curves labeled (B) in the same 
figure. 

If the control resistance of the magnetic amplifier is 
changed to R, 20,000 ohms, the frequency response 
of the amplifier alone is given by the curves labeled (A) 
in Fig. 6. By setting R 100 ohms and C = 0.15 mf, 
the frequency response is altered to include a phase lead 
of 30 deg at 10 cps, curve (C) in Fig. 6. If C is made 
0.3 mf, the frequency response plot is that of curve (B). 
The phase angle is now 55 deg leading at 3.5 cps. A 
number of combinations of R and C would give the same 
results without disturbing the d-c gain of the magnetic 
amplifier. 

The frequency response of a magnetic amplifier can 
be altered to a greater extent by two-stage transistor 
circuitry with little added weight, volume and complex- 
ity. For example, if the transistor circuit of Fig. 4 is 
replaced by a two-transistor arrangement incorporating 
a lead-lag network, a typical frequency response similar 
to that in Fig. 7 is obtained. If winding space is limited. 
one winding may be eliminated by connecting the two- 


stage circuit as shown in Fig. 8. O00 
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Fig. 5—(A) Frequency response of amplifier shown in Fig. 3. 
(B) Bandwidth of frequency response extended by addition of 
transistor compensating circuit. 
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Fig. 6—(A) Frequency response of magnetic amplifier with 
control resistance of 20,000 ohms. (B) Response altered by 
transistor circuit with R = 100 ohms and C = 0.3 mf. (C) 


Same amplifier with response altered by transistor circuit with 
R = 100 ohms and C = 0.15 mf. 
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Fig. 7—Frequency response of magnetic amplifier with two- 
stage transistor compensating network incorporating a lead-lag 
network. 
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Fig. 8—Magnetic amplifier with two-stage transistor compensat- 
ing circuit in single control winding connection. 





Microminiature Components 
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Fig. 1—Binary counter stage built with a vacuum tube and 

standard components. 
Fig. 2—Transistorized binary counter stage em- 
ploying standard comp ts and etched wir- 
ing board (etched wiring on reverse side of 
board). 








Fig. 3— Two transistorized 
binary counter stages em- 
ploying printed wiring, 
printed resistors, titanate 
wafer capacitors, and stand- 
ard transistors and diodes. 





Fig. 4—Steps in preparation of printed binary counter 
stage: top row, left to right, drilled steatite wafer, 
wafer to which a silver circuit has been applied by 
“silk” screening, wafer bearing wiring and printed re- 
Fig. 5—Transistorized binary sistors; bottom row, left to right, assembly before 
counter stage employing etched attachment of lead wires, encapsulated assembly. 
wiring and commercial micro- 
miniature components. PAll illustrations on this page are to the same scale. 
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or Electronic Circuits 


Progressive improvements in the miniaturization of electronic circuits 


now find expression in the micro-miniaturization approach. In this 


article the state of the art is traced, beginning with the methods used 


to reduce package size with conventional components, and leading to 


microminiaturization by a combination of new micro-parts, printed 


resistors and transistors, printed wiring and encapsulation. 


INTENSIVE EFFORTS AT THE Diamond Ordnance Fuze 
Laboratories (DOFL) in the field of microminiature 
packaging have recently resulted in extremely small and 
compact assemblies. For example, using new commercial 
miniature components and etched wiring, a_ binary 
counter stage that originally comprised 7 components 
per cu in. was repackaged to a density of 140 com- 
ponents per cu in. in operating circuits. With the use of 
printed components and wiring, and uncased diodes and 
transistors. densities of 2800 components per cu in. have 
been achieved in laboratory models of the same counter. 

To demonstrate the state of the art of miniaturization 
prior to the current developments in the techniques of 
binary counter circuit was 
chosen for construction. This type of circuit was chosen 
(1) it is a relatively non-critical cir- 
cuit, that is, extremely close component tolerances do 
not have to be maintained; (2) many such circuits are 
employed in each digital computer and, hence, sizeable 
quantities would actually be produced; and (3) the cir- 
cuit is “unclassified” and, therefore, open discussion of 
the work would be permitted with other agencies and 
laboratories engaged in related work in this field. 

Figure 1 shows a General Electric vacuum tube binary 
counter module. This design was popular several years 
ago and was employed in many computers. Alongside it 
is shown a l-in. cube which will be used as a size refer- 
ence in many of the subsequent figures. This vacuum tube 
binary counter occupied a volume of about 2 cu in., re- 
quired 2 watts of power, and comprised 7 components 
per cu in. of volume. 


microminiaturization, a 


for several reasons: 


Components and Techniques Developed 
Prior to 1955 

Initially, a degree of miniaturization of the binary 
counter was accomplished using conventional components 
and techniques. For example, it was well known that 
savings in power had been effected by the use of tran- 
sistors in many circuits previously considered exclu- 
sively in the vacuum tube domain. By coupling the tran- 
sistorized circuit with conventional etched wiring, the 
package shown in Fig. 2 was obtained. This circuit per- 
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formed the same function as the previous one and yet 
required only %oo the power, occupied only one-half 
the volume, and comprised 15 components per cu in. 
(The various steps in the preparation of conventional 
etched wiring boards are generally well known and need 
not be reviewed here. ) 

Further miniaturization was next achieved using tech- 
niques also developed prior to 1955. Figure 3 shows 
the resultant package which utilized printed wiring, 
printed resistors, and titanate wafer capacitors. It too 
required only 10 milliwatts of power but occupied a 
volume of only 1% cu in. This final l-cu in. encapsulated 
assembly contained two binary counter stages, one on 
each side of the plate. Therefore, it comprised 32 com- 
ponents per cu in. 

Figure 4 shows in more detail the steps required to 
produce the assembly shown in Fig. 3. The base for the 
printed assembly was a steatite ceramic wafer (Fig. 4, 
top row, left-hand side). The wiring pattern was applied 
using silver paint squeegeed through a “silk” screen (top 
row, center). The wafer was then placed in an oven and 
fired for 14 hr at 700 C. Next, the resistors were printed 
in the proper position on top of the wiring, as shown 
in top row, right-hand side. The resistors were printed 
with an ink (1)* composed of solvent, carbon, resin 
and curing agent and were subsequently cured for 3 hr 
at 250 C. Rectangular wafer-type barium titanate capac- 
itors were sweat-soldered at the appropriate positions. 
The transistors and diodes were soldered in place next 
(Fig. 4, bottom row, left-hand side). Silver-saturated 
solder was employed for all connections so the silver 
wiring would not dissolve in the solder eutectic. Finally, 
pins and lead wires were attached and the assembly was 
encapsulated (see bottom row, right-hand side). 

The latter two packages, (the etched and printed 
modules shown in Fgures 2 and 3, respectively), repre- 
sented the state of the art in DOFL and in some of the 
industry up until 1955. Etched wiring gained consider- 
able favor in DOFL in the next few years and much work 
was carried out in techniques for preparing layouts, 
choice of laminates, rapid techniques for designing proto- 
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Fig. 6 
the following individual stages (left to right in center) : 


types, and even post-forming of circuit boards to con- 
form to particular structures. 


Newly Developed Components and Techniques 


In May 1957 the DOFL Work Group on Microelec- 
tronics began an investigation of the application of ex- 
tremely miniaturized component parts that had recently 
become available on the commercial market. Included 
were tantalum-wire electrolytic capacitors, tiny glass- 
encased diodes, 14 9-watt resistors and microminiature 
transistors. Utilizing components, the binary 
counter, last shown in packaged form in Fig. 3, was 


these 


reassembled and is shown in Fig. 5. This circuit required 
but 2 milliwatts of power and occupied a volume of only 
149 cu in. The power reduction was accomplished by 
utilizing newer lower-voltage circuitry. To some extent 
the size reduction was also traceable to the lower-voltage 
circuitry, because lower voltage ratings on the com- 
ponents enable them to be produced in smaller sizes. 
Presumably, 10 binary counters of this design can be 
packaged in 1 cu in., or 140 components per cu in. 
These miniature components have also been employed 
in a free-running multivibrator, a binary divider, and 
four logic-circuit boards interconnected to produce se- 
quential flashing of indicator lamps. These parts are 
shown in the center of Fig. 6, laid out from left to right, 
and are interconnected using the etched wiring board 
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Assembly (top, left) for sequential flashing of indicator lamps employs etched interconnection board (foreground) and 
multivibrator, binary counter, and four logic circuits. 


shown in the foreground. The completed assembly is 
shown at top, left. This assembly is composed of 76 com- 
ponents and, exclusive of lamps and batteries, occupies 
a volume of less than 1 cu in. 

However, it was evident that further miniaturization 
was limited by the size of these admittedly miniature 
components. An enlarged view of a miniature transistor is 
given in Fig. 7. The exploded view at the right-hand side 
shows the can, the header, and, between them, the little 
element that does all the work. Occupying about one 
one-hundredth of the total volume of the transistor, the 
tiny germanium element is the only essential part as far 
as the circuit is concerned. The header simply provides 
convenient leads and, together with the can, hermetically 
seals the germanium from contamination. 
amination of other components in the circuit showed a 
similar startling waste of space and not only suggested 
the use of uncased crystals of germanium but also re- 
emphasized the importance of other previously developed 
uncased components, especially printed 
printed components. 


A close ex- 


wiring and 


Because of their negligible thickness, printed resistors 
occupy a minimum of volume. Capacitors have been 
produced from reduced titanate formulations that yield 
extremely high capacitances in small volumes. For ex- 
ample, a 0.01-mf capacitor has been produced in a size 
0.1 by 0.1 in. by less than 0.01 in. in thickness. 
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Fig. 7 — Microminiature tran- 
sistor (left) and exploded 
view (right). (Actual size.) 


Fig. 8—Wafer binary counter stage 
employing printed wiring, printed 
resistors, reduced titanate capaci- 
tors, and uneased transistors and 
diodes. (Actual size.) 


to 


Fig. 9—Steps in preparation of wafer binary counter stage: 


top row, left to right, notched steatite wafer, wafer to which 
a silver circuit has been applied by “silk” screening, wafer in 
which holes and grooves have been sandblasted; bottom row, 
left to right, wafer bearing wiring and printed resistors, com- 
pleted assembly containing transistors, diodes, capacitors, 
vacuum-deposited connections, and lead wires. (Actual size.) 


These components, and transistors and diodes com- 
posed only of germanium wafers, were combined in the 
package shown in Fig. 8, employing vacuum-deposited 
aluminum inter-connection wires. (2) This design, al- 
most 2-dimensional in its geometry, has a volume of only 
0.005 cu in. Therefore, assuming no volume waste in 
interconnection of stages, 200 binary counters can be 
packaged in 1 cu in., or 2800 component parts per cu in. 

The steps of preparation (3, 4) of this DOFL-2D 
binary counter stage are shown in Fig. 9. A. steatite 
ceramic wafer was cut to size (0.5 x 0.5 x 0.02 in.) and 
notched along one edge (top row, left-hand side). This 
wafer serves as the baseplate for the circuit. A silver 
wiring pattern was next screened on the wafer and fired 
for 1% hr at 700 C (top row, center). With the use of a 
taped mask, holes for the diodes and transistors and 
grooves for the capacitors were sandblasted into the 
wafer (top row, right-hand side). 

Next, resistors were screened in place and cured for 
14 hr at 250 C (bottom row, left-hand side). Resistors 
having resistances out of tolerance were adjusted by 
heating and abrading, depending on whether they were 
too high or too low in value. Finally, the transistors. 
diodes, and capacitors were inserted into the wafer and 


AUGUST 1958 


potted in place with an epoxy casting resin. Using a 
suitable mask, leads were vacuum deposited between the 
electrodes of the transistors and diodes and the silver 
wiring. 

Other electrical connections were made either by 
vacuum deposition of metal or with an epoxy-silver-flake 
conductive plastic. (5) Lead wires were attached to the 
wafer and the wiring with this same conductive plastic. 
The plastic was cured for about 1 hr at 100 C. The fin- 
ished binary counter is shown bottom row, right-hand 


side. 


Discussion 


The type of design shown in Fig 5, which utilizes 
miniature commercial components, is already well under 
way in production because many hearing-aid manufac- 
turers are now utilizing miniature components. The prob- 
lems in this area revolve around soldering techniques 
and interconnection of many small subassemblies into a 
highly complex system. The tip of a soldering iron is 
larger than many of the solder junctions on the circuit 
board and solder-bridging between closely spaced conduc- 
tors is hard to avoid. Since hand-soldering is tedious and 
expensive, dip-soldering techniques are being investi- 
gated and refined. In respect to problems of intercon- 
nection, one technique using an etched wiring board is 
demonstrated in Fig. 6. There may be better ways. 

Although the techniques described in connection with 
Fig. 8 have been demonstrated in the laboratory, it is 
recognized that the steps to quantity production in this 
case are large and many details will have to be worked 
out. The problem areas are as follows: (1) techniques for 
reproducibly laying down resistors of minute geometries, 
(2) production of dielectric bodies which will yield a 
wide range of capacitance values, (3) preparation of 
protective coatings that will not “poison” uncased diodes 
and transistors, and (4) interconnection of very sma! 
subassemblies. 

A problem area which applies to both types of pack- 
ages is the non-existence of miniature inductive com- 
coils and transformers, that can compete 
with other types of components as far as volume is con- 
cerned. 

DOFL is currently engaged in research in all of these 
areas. O00 


ponents, i.e. 


Acknowledgments 


The authors wish to acknowledge the contributions of Robert S. 
Marty, now of Sprague Electric Co., who worked on the early 
models of the binary divider circuits, and of the following mem- 
bers of the DOFL Work Group on Microelectronics: Jay W. 
Lathrop, James R. Nall and Thomas A. Prugh. 


Cited References 

1.“New Injection-Molding Process for Printed Resistors,” R. S. 
Marty, E. M. Davies and P. J. Franklin, EvectricaL MANUFAC- 
TURING, January 1955, p 56. 

2. “Photolithographic Fabrication Techniques for Transistors Which 
are an Integral Part of a Printed Circuit,” J. R. Nall and J. W. 
Lathrop. A paper presented at the 1957 Electron Devices Meet- 
ing of the IRE PGED, November 1957. 

3.“Transistors Made by Photography,” Electronic Week, Novem- 
ber 11, 1957, p 5. 

. “Army Scientists Find ‘Missing Link’ to Reduce Size of Elec- 
tronic Brains,” Department of Defense, Office of Public Infor- 
mation, News Release No. 1117-57, November 18, 1957. 

. “Conductive Adhesive for Electronic Applications,” T. J. Kilduff 
and A. A. Benderly, ELectricaL MANUFACTURING, June 1958, 
p 148. 


97 





Cutaway view of precision speed 
reducer (Bowmar Instrument Corp.). 


The Load-Torque Factor 
in Precision Gear Backlash 


In fine-pitch gearing employed in servo 
and instrument systems, the backlash in- 
troduced by the mechanical load can be of 
serious magnitude, especially in high-gain 
loops. This backlash must be accounted 
for, which means measurement and eval- 
uation. Methods of estimating backlash 
and of determining its contributing causes 
are derived from basic mechanical-design 
analysis. 


-Diagram of bearings and outboard gear assembly. 
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GEAR TRAIN BACKLASH may result from deviations from 
the theoretically ideal in various dimensions in the gears 
themselves or in their assembly, either in the original or 
resulting from wear. Among such factors may be reduced 
gear-tooth thickness, increased gear center distances, 
bearing radial play, eccentricities in gears, ball bearings 
or shafts, variations in clearances between operating 
parts such as between the shaft and bearing, and lack of 
rigidity in parts and structure. Environmental factors 
and variations in them may also lead to backlash. All 
these are contributory elements, but are independent of 
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Fig. 3—Arrangement for measuring angular deflections of gear- 
head. The unit to be checked is mounted on the vertical mem- 
ber, input shaft locked, and a lever arm is mounted on the out- 
put shaft. Weights are applied alternately to each end of the 
lever arm. The total deflection is the sum of the deflections 
resulting from clockwise and counter-clockwise measurements. 


load torque. Angular displacement introduced by the ap- 
plication of the torque load at the output shaft is a sepa- 
rate and significant factor. The various categories of 
backlash-causing factors must be analyzed separately. 
Reduction in circular tooth thickness, or “thinning,” 
and increase above standard center distances are factors 
that are introduced, i.e., manufactured, into a gear train. 
These two are necessary in order to keep the gear train 
free-running, since they avoid binding that might result 
from eccentricity of the gears or bearing journals. Bear- 
ing radial play, eccentricities in parts, and physical 
clearances result from dimensional tolerances and manu- 
facturing process vagaries. Rigidity is governed by the 
design and physical properties of the structure and its 
parts, whereas the environmental factors are dependent 


Fig. 4—Gearhead deflection against applied torque. 
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upon the application of the gear unit rather than upon its 
design details. 

Reduction of gear tooth thickness, from standard, for 
backlash purposes is usually expressed by a reduction in 
pin (wire) measurements. Its value may be expressed by: 


(1) 


Ww here 


At = decrease in circular tooth thickness, in. 
Aw = decrease in pin (wire) measurement, in. 
K,, = tooth thickness factor (dimensionless) 


The tooth thickness factor K,, is found by 


- _ cos @ 
© sin dy 
where 
@ = the basic pressure angle : ; 
¢w = the pressure angle at the center of the measuring pins 
(wires) (1)* 
An alternative method of introducing backlash to make 
a gearhead free-running is to increase center distances, 
that is, center distances are increased over standard 
values by the amount necessary to achieve smooth opera- 
tion. 
For a gear mounted outboard from bearings, Fig. 1, 
the resultant play in the gear due to radial play in the 
bearings can be computed: (2) 


r 
5+y 


Radial play in gear, rz = 2r, 
. g 
= 


where 


r, = bearing radial play 
x = distance between bearing center lines 
y = gear center line distance to nearest bearing 


From Eq (3) it is apparent that, to reduce gear play, 
the distance between bearings should be as great as 
possible, and that the distance between the gear and the 
nearest bearing should be minimum. 

Eccentricities and clearances. For gears made to 
AGMA 236.02 Standard tolerances, the eccentricity of 
the gear pitch line to the shaft or bore is determined by 
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Fig. 5—Expansion of total deflection curve for a typical preci- 
sion gear reducer (Fig. 2). 
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Fig. 6—Total deflection curve for a gear reducer, showing 
non-linear characteristics at low load. 


the maximum values of total composite error as outlined 
in that specification. Applicable ABEC specifications de- 
fine the values of eccentricity of ball bearing races in 
terms of particular classes of bearings: these values do 
not include radial bearing play due to ball clearances. 
The eccentricity of a shaft to its bearing journal is the 
maximum total indicator reading (TIR) allowed by the 
applicable manufacturing drawings. 

In the case of sleeve bearings. running clearances 
must be provided. These produce radial play: the value 
is the total allowed by the applicable manufacturing 
drawings. Where a gear is free-running on a stationary 
shaft, clearance again must be allowed, producing radial 
play. 

Structure and environment. Long slender shafts 
and inherent structural weaknesses lead to deflections 
under load and consequent effective backlash in gears. 
Careful design is required to minimize deflection under 
load. Temperature is the primary environmental consid- 
eration. Gear dimensions and center distances can change 
as a result of temperature changes. Particularly when dis- 
similar metals are employed in an assembly, the effects of 
temperature changes must be investigated by the use of 
standard temperature coefficients for the materials. 

Loading displacement. The spring constant of a 
unit causes angular displacement of the output shaft due 
to the application of a load. This displacement is due 
primarily to the deflection of the gear teeth and torsion 
in the shafts. the elasticity of the entire unit, and shaft 
deflection. The amount of deflection is directly propor- 
tional to the load applied. Therefore, 

d, = Ki (A) 
where: 
d, = minutes deflection 
K = spring constant of the unit—minutes /in.-oz 
l = load applied, in.-oz 


The deflection characteristic of a typical gearhead is 
shown in Fig. 2. The spring constant K can be deter- 
mined by a few simple measurements. The input shaft is 
locked and a number of loads are applied, first in one 
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alternately in both directions of rotation, 


direction and then in reverse direction. The deflection is 
measured with a calibrated dial indicator, Fig. 3. The 
results of these measurements are then plotted as shown 
in Fig. 4 and the slope is determined by use of Equation 
(4). The space between the points of intersection of the 
curves and the horizontal axis is the backlash, B, of the 
unit. The total deflection, d, for any applied load then 


becomes: d=B+ KI (5) 
d= B T d, (6) 


The total spring constant of a unit is the summation of 
the following: 


tee, tas 4 a ee at we ts 
eS fay a...  — tht - Re. Rs 


y (7) 
where 
torsion due to the output shaft 
= torsion due to the first cluster shaft 
torsion due to the second cluster shaft 
tooth deflection of the first stage 
= tooth deflection of the second stage 
tooth deflection of the third stage 
= ratio of the first stage 
ratio of the second stage 
= ratio of the third stage 
The additional torsion and tooth deflection introduced 
by the addition of clusters can be considered negligible 
t lan 


a and 
SS a 


when the values of in Eq 
(7) become sufficiently small. The plots shown in Figs. 
2, 5 and 6 are for two-cluster units. 

The addition of clusters to these units has a negligible 
effect on the spring constant. Thus one K factor may be 
used for any series of units in which the output stages 
are the same and in which the ratio is sufficiently high 
so that the effect of the addition of more clusters can be 
considered negligible. 

Care should be exercised so that the structure itself 
is sufficiently rigid to make the effects of any distortion 
due to loading negligible. 

In Fig. 5 is shown an expansion of a portion of the 
graph shown in Fig. 2. Note that from 0 to 21% in.-oz, 
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Fig. 8—Curves for relating backlash to loading, 
“spring constants” for gearheads. 


the plot is not a straight line function but a curve. In 
Fig. 6 is shown a similar plot for a different gearhead. 
The curvature is primarily the result of bearing loading 
(radial play), tooth deflection in the gears and torsion 
in the shafts. 

Radial play due to manufacturing tolerances is in 
effect only until enough torque is applied to take up these 
tolerances. This will occur in the bearings supporting 
the output shaft and also in the bearings supporting the 
clusters. Tooth deflection will start to occur at different 
places because of different pitches in various stages, 
different face widths and different materials and hard- 
nesses. Torsion will start to occur at different places be- 
cause of size and material differences in the various 
shafts. The curvature in the total deflection character- 
istic results because the above items enter into the total 
deflection at varying values of torque. 

Deflection. Theoretical values of torsion and gear 
tooth deflection may be calculated by the following ap- 
plicable formulas. (3) 
found by: 


Torsion for a simple cylinder is 


Tl 
EJ (8) 
where 
6 = angle 
= length 
E, = modulus of elasticity 
J = polar moment of inertia 


The approximate deflection of gear teeth where the 
contact is at the middle of the teeth is found by: (4) 


Ww (es + Eshz 
F EZ, EZ, ) 


d= (9) 


y 
= someil > 10 
(0.242 + 7.25y) (10) 
where 
Z = elasticity form factor for gear teeth 
modulus of elasticity of gear material 
= total elastic deformation for the pair of mating 
tooth profiles 
= face width of gears 
applied tangential load, lb 
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Backlash,min 


Fig. 9—Form of representation of re- 
lation between backlash and deflection 
for a gear head. 


for various 


Backlash test. A reversing-load torque fest with 
direct measurement of actual backlash is the best means 
of evaluating a gear assembly because this measured 
quantity is that actually occurring in a system as a net 
resultant of all factors. In Fig. 7 is shown an arrange- 
ment for measuring backlash in a precision gear reducer. 
The high speed shaft of the unit is locked and an arm 
of known length is placed on the low speed shaft. A 
known weight is then placed on one end of the arm and 
the dial indicator is adjusted to zero. The weight is then 
placed on the opposite end of the arm and the indicator 
reading noted. This is then converted to angular back- 
lash in terms of minutes. This is then the effective back- 
lash of the unit for the particular reversing torque load 
on the unit. 

The spring constant may be used to arrive at a back- 
lash figure for a gear unit. This backlash figure will be 
the true backlash and will exclude load torque effects. This 
method of backlash measurement is accomplished by 
plotting a family of curves with the same slope, as shown 
in Fig. 8. These curves correspond to units having back- 
lashes of a, b and c minutes. Then, by taking a reversing 
load of x in.-oz, deflections of 1, m and n minutes are 
obtained. A plot of deflections against backlash for a 
given load may now be as shown in Fig. 9. The backlash 
of any given unit of the same type may now be deter- 
mined by applying the specified reversing load reading 
the total deflection, and consulting Fig. 9. Thus, if the 
backlash and spring constant of a particular gear train 
are known, the design engineer may determine the de- 
flection for any particular load. This factor is of par- 
ticular importance to engineers doing servo and instru- 
mentation design work. OOO 
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Applying Glass-to-Metal Seals 


Application notes for matched and compression seals for electrical and 
electronic components and assemblies. Characteristics, limitations 


and design criteria are presented as a design aid for optimum utilization. 


J. COMER of seal are in use, one called a matched seal and the 
> > 7 p> ; og 7 ¥ 7h 2 ; go . . 

Pre sident and Director of Engineering other a mis-matched or compression type.* 

L. L. Constantin & Co. 


Lodi, N. J. 
Matched Seals 


The basic principle of the matched seal is the equal 


; : coefficient of expansion of the glass and the metal plus 
A GLASS-TO-METAL SEAL provides a means for passing 


electrical currents into and out of a sealed container, 
while providing high voltage breakdown and _ specific 
resistivity in a small area. It consists of a metal ring 


a dependence upon an oxide bond to form the seal. 
Metals used in such seals must be special alloys such 
as Kovar, Rodar, or Therlo. The metal eyelets or bodies 


‘ . 2 illustrated in Fig. 1 are usually from 0.005 to 0.020-in. 
which encloses one or more glass beads in which elec- 


. “ thick. They can be formed by stamping, spinning, cut- 
trical conductors are locked, the whole assembly having . +i sd 


ass-to-Metal Seals,"’ J. Comer, Evecrricat Manuracrurtnc, March 1958, 


been fused into a vacuum-tight device. Two general types ase lg tec cater gg 2 


outlines the rudiments of glass-to-metal seals 


were 


Fig. 1—Typical eyelet structures and dimensions for matched seals. 
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ig. 2—Matched seal assemblies. 
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ting from tubing, or formed on an eyelet machine. As- 
semblies such as those shown in Fig. 2 are light in weight 
and lend themselves to miniaturization. Configurations 
shown in Fig. 3 as mis-matched or compression seals 
may be made as matched seals when space limitations 
demand less than the minimum wall and web thickness 
needed for compression seals. 

Because restraint or compression is not essential in a 
matched seal, the glass area can vary in shape from cir- 
cular to elongated oval. By making use of the relatively 
high miniscus characteristics caused by the wetting of 
the pin by the glass, the glass can be shaped or piled 
up to increase creepage path as shown in Fig. 2(a). 
Needless to say, these designs have less resistance to 
shock, both physical and thermal, than those with a 
relatively flat cross section. The assembly can also be 
formed as an actuator or insulating arm in free air as 
shown in Figs. 2(c) and 2(d). These structures have 
great resistance to abrasion and slight friction. 

Glass thickness should not be less than 0.050 in. This 
is due to the inherent physical weakness of thin glass 
webs and the high cost of manufacture. Conversely, glass 
beads have been made as thick as 0.375 in. The leads 
or terminals should preferably be round in cross section 
where they pass through the glass; their shape at the 
point of electrical connection will depend upon usage. 
It should be kept in mind that in a Kovar or matched 
seal. both the eyelet and the pin material must be of 


Kovar. 
Compression (Mis-Matched) Seals 

The underlying principle of the mis-matched seal is 
relatively more physical than chemical. While matched 
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Table I—Comparative Characteristics of Matched 
and Compression Seals 





Com- 
pression 


Characteristic Matched 
Greatest resistance to physical shock © 
Adaptability to micro-miniaturization . 
Highest voltage in given space 

Screw machining 

Coining 

Stamping 

Weldability 


Oval glass shape 





Table II—A-C Voltage Breakdown vs Altitude 
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Per cent of sea- 
level breakdown* 


Altitude, ft 
10,000 


Pressure, in. Hg 
20.58 78.5 

61.1 

47.2 

37.6 

29.2 


23.6 
18.7 
15.7 
12.6 





*Sea Level Breakdown Values 

Compression seals = 35 volts per 0.001 in. of glass path 
Matched seals 40 volts per 0.001 in. of glass path 
Altitude values disregard any corona effect. 
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Fig. 3—Typical eyelet configurations and dimensions for compression seals. 
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seals depend upon the formation ot an oxide bond and 
the closely matched coefficients of expansion of the glass 
and metal, the mis-matched seal depends to a great ex- 
tent on the elasticity of glass and purposely mis-matched 
coefficients of expansion. However, it should be pointed 
out that more than a physical bond is present in a good 
mis-matched seal. The great physical strength of the mis- 
matched seal results from the fact that glass is stronger 
in compression than in tension. Before the glass can be 
cracked or ruptured, the compressive stresses purposely 
introduced must be overcome. 

In a mis-matched seal, it is obvious that a substantially 
heavier thickness of metal eyelet is required to maintain 
compression. The basic material for such eyelets is low 
carbon steel. This is relatively easy to machine, stamp 
or coin. Figure 3 illustrates a few basic configurations. 
In order to maintain the balance of forces necessary to 
keep the glass in compression, it is preferable to have 
at least 0.025 in. minimum web thickness (area of metal 
surrounding glass hole) in such configurations as in 
Figs. 3(c) and 3(d). However, it should be pointed out 
that web thickness is also dependent upon glass hole size. 
A safe rule of thumb to determine metal web thickness 
would be: diameter of glass hole in inches divided by 
five (i.e., if the glass hole required is to be 0.200 in., 





the metal web thickness surrounding the hole should be 
at least 0.040 in.). 

The center conductors are usually made of a nickel- 
iron alloy and are formed the same as in matched seals. 
It should be pointed out that the machinability of nickel 
iron alloy used is approximately 20 per cent of that of 
cold rolled steel. 

Since all the glass must be maintained under large 
compressive stress, it can not be built up as in Figs. 2(a), 
2(c) and 2(d). The thickness of glass has been stand- 
ardized at 0.080, 0.093, 0.125 and 0.156 in. In certain 
cases, the glass might be as thin as 0.050 in. and, con- 
versely, glass has been made as thick as 0.375 in. Glass 
shape should be round, to maintain equal distribution 
of forces. Pin or terminal cross section should also be 
round. 


General Design Specifications 


Table I provides a summary of the advantages and 
disadvantages of both matched and mis-matched seals. 
Voltage Breakdown. Table II is a useful guide in 
determining adequate spacing at various altitudes. The 
rule of thumb here is 40 volts a-c for each 0.001 in. of 
glass path for matched seals and 35 volts for compres- 


' 


sion seals, at sea level. (Continued on page 106) 


Typical Applications 


THE MILITARY CRYSTAL HOLDERS of the HC type familiar to 
many readers are shown at (a). These units, originally 
matched-glass types exclusively, are now designed in the 
more rugged compression style. Sizes range from larger 
units of the CR-1 category down to the more recent min- 
iature type, HC-18. The latter were an outgrowth of the 


earliest oval style semiconductor holders. 


Since the evolution of the crystal holder, relay manu- 
facturers have begun using similar enclosures in their 
miniaturization programs. Both the matched seal and the 
compression type are being successfully used to provide 


light weight and low cost housings. 


Practically any application can be satisfied by standard 
seals or modifications of them. Such items as thermostats 
and toroidal coils are receiving the benefits of hermetically 


sealed containers of this same general design. 


Seals such as those used in the ends of cylinders housing 
capacitors, shown at (b), are also used for delay lines, 
resistors and diodes. 

Individual terminals have a wide acceptance and are 
designed into such products as batteries, filters, trans- 
formers, meters, potentiometers and switches. Nevertheless, 
since the advent of multi-terminal headers, the trend has 
been away from the use of individual terminals because 
of the necessity of assembling each unit separately. Multi- 
pin headers are being specified whenever possible to 
streamline assembly operations. Such items as relays and 
choppers, (c), and transformers make excellent use of 
multi-headers. As shown in Fig. 7 in the text, mounting 
studs are included in the header assembly. This is another 
advantage afforded by the all-in-one construction currently 
gaining more favor. In addition to this method of mounting, 
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= pitch circle 
= glass bead diam (= ID of hole) 
= minimum distance from center of pin to edge of bead 
= center-to-center distance between pins 
= —" number of equally spaced pin locations on pitch 

circle 
= radius of desired pin 
= angular separation between pins = 360/N 

G+2R 
2 sin 180 deg/N) + 1 
Examples 

Required: optimum pitch circle for six (6) 0.040 diam 
equally-spaced pins in 0.500 diam hole. 

0.500 + 0.040 0.540 ae 
@ ain 180 deg/6) 1 = 1 +1 = 9-270 pitch circle 
Required: optimum hole diam for 7-pin miniature plug’ 
0.040 pin diam, 0.375 pitch circle. 

G + 0.040 






































|} ee cs 0.375 
— | k+¥— 0 2 sin 180 deg/8) + l 
. G = 0.621 
« — 
*To secure polarization, one or more pin locations may be left blank. 
Fig. 4—Method of determining optimum pin spacing. 
e f 9 h 
some relays utilize a connector having a captive nut which to any of the foregoing types of enclosures. A few of the 
- permits locking in place after socket insertion. The true smaller types are shown at (g) with the heavier power 
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glass-to-metal style AN connectors shown at (d) are used 
to insure non-contamination of components such as choppers 
or relays and also of complete units such as transmitters 
and receivers. These connectors are designed to mate with 
> standard government-specified receptacles, 

Other applications for headers include refrigeration units, 
Geiger counter tubes and gyros. With the rapid rise of the 
semiconductor field amd the definite use for adequate 
environmental protection, the glass seal designs have been 
both numerous and various. As recently as five years ago, 
the solder seal type was used practically exclusively. With 
the knowledge obtained through volume production by the 
semiconductor manufacturers, the glass seal industry de- 
veloped special shapes and designs to meet such require- 
ments of their assembly techniques as resistance and cold 
welding. The transistors utilizing the solder sealing method 
are shown at (e), resistance welded types of cases are shown 
at (f). Naturally, diode rectifiers are readily adaptable 





units at (h). 

Some special applications present more difficult problems 
to the glass seal manufacturer. Such operational require- 
ments as 1200 F for short periods of time (which is 
necessary in seals for fire detection equipment, or in 
corrosive atmospheres such as fuming nitric acid in missile 
connectors) dictate the use of special materials. 

Other applications may not necessarily require develop- 
ment of special materials for the seals, but may present 
problems in the nature of mechanical design. One such 
interesting application is that of the hermetically sealed 
instrument lights used on some aircraft to give a diffused 
light for night flying conditions. 


Because glass possesses many desirable physical as well 
as electrical properties, a number of relay manufacturers 
have employed glass beads fused to metal pins as contact 
arms and pivots. 



















Table Ill—Voltage Drop Per Inch of Active Length* 


Table 1V—Current Carrying 





Material diam, 


in. 0.5 amp 


0.020 30.1 mv 
0.030 13.7 
0.040 | 

0.050 
0.060 
0.080 
0.090 


0.020 
0.030 
0.040 
0.050 
0.060 
0.080 
0.090 
0.020 
0.030 
0.040 
0.050 
0.060 
0.080 . 
0.090 0.42 
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Pin Current level and voltage drop 


15 amp 


Capacity of Leads 





Maximum 
recommended 
current, amp 


Pin | 
diam, 
Material in. 


0.020 
0.030 
0.040 
0.050 
0.060 
0.080 
0.090 


0.020 
0.030 
0.040 
0.050 
0.060 
0.080 
0.090 
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0.020 
0.030 
0.040 
0.050 
0.060 
0.080 





arrying the specified current. 


Current Capacity and Voltage Drop. Voltage drop 
values per unit length for three types of terminal mate- 
rial in various sizes at five current levels are given in 
Table III]. Maximum current ratings for various pin 
diameters in several materials are given in Table IV. It 
should be noted that the values listed in Table IV are for 
terminals in typical seals under unfavorable ventilation 
conditions. The values are those observed after attaining 
temperature stability. Where heat dissipation conditions 
are improved or the duty cycle is less than 100 per cent, 
the maximum current capacity may be increased propor- 
tionally. 

Insulation Resistance. The minimum standard in- 
sulation resistance is 10,000 megohms at room tempera- 
ture. Higher values are attainable. Table V illustrates 
change of resistivity with temperature in glass used in 
sealing. 

Leakage. The minimum standard leakage rate is not 
more than 1 cc of helium in 31 years at a differential of 
one atmosphere, tested by the mass spectrometer method. 
For conversion: 1 cc in 31 years = 1.027 x 10° ce per 
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Fig. 5—Tolerance build-up on terminal pin extension. Tolerance 
on dimension A is algebraic sum of tolerances D, H, and P. 
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sec; 1 micron cu ft in 1 year = 0.896 x 10° cc per sec- 
ond.* Any specification in reference to leakage should 
include pressure differential as well as leakage rate. 

Temperature Range and Pressure. Normal op- 
erating temperature range is —85 to +525 F. However, 
developmental units exceed this range. The pressure that 
a seal can withstand is dependent upon glass area and 
thickness and its specific design. It is suggested that 
pressure requirements be discussed with the seal manu- 
facturer. Properly designed seals have withstood pres- 
sures of 20,000 psi in actual service. 

Finish. The most common finish is a hot tin dip; 
however, other finishes are available to provide salt spray 
resistance of up to 200 hr. Specific corrosion resistance, 
appearance or other requirements can be met. 

Military Specifications. There are no _ military 
specifications per se on either matched or compression 
seals. However, seals have been used successfully on 
relays under MIL-R-5757B, on hermetically sealed capac- 


*See “Environmental Protection with Hermetic Sealing,’ Evecrrica, Manvurac 


rurING, November 1957, p 136, for other conversion factors. 
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Fig. 6—Methods of assembly for three types of glass-to-metal 
seal structures. 
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Fig. 7—Typical header designs. Integral assemblies may in- 
clude glass-to-metal seal, brackets, studs or other mounting 
fixtures. 


itors under MIL-C-25 and on crystal bases under MIL- 
3098B and 1056B, and under certain conditions they 
may be used on transformers under MIL-T-27. 

Glass Hole Size and Pin Layout. Seal manufac- 
turers provide a multitude of bead sizes. Selection of a 
standardized bead will eliminate costly tooling charges 
and save time. The formula in Fig. 4 may be used as an 
aid in determining optimum pin spacing. 

Tolerances. Glass-to-metal seals are assemblies fused 
together at relatively high temperatures. Therefore, high 
precision tolerances are difficult and costly to maintain. 
Secondary (after fusion) operations are limited due to 
the inability of the parts to withstand high physical shock. 
Other factors to consider are the expansion and shrink- 
age of the materials and the hard-to-control build-up of 
plating. Figure 5 illustrates a typical tolerance problem 
on pin extensions. The closest tolerance that can be held 
on dimension A (without costly secondary operations) 
would be the addition of the tolerances of dimensions 
H. D and P. 

Assembly Operations 

Assembly operations play a most important part in 
design and application of glass-to-metal seals. Listed 
herewith are a few guides. 


Table V—Change in Glass Resistivity with 
Temperature 
Ohms x 10" per cubic centimeter 





Temperature, deg C Matched seals Compression seals 


25 
50 
100 
150 


200 
250 
300 
350 


. Flange Mounting (See Fig. 6a) 

The seal is hung by its flange. Soldering may be ac- 

complished by torch, induction, oven, infrared heat- 

ing methods or any combination of them. Solder 

pre-forms aid this assembly. Welding or silver braz- 

ing can also be used with this configuration. 

Skirt Mounting (See Fig. 6b) 

The seal is supported by its skirt in a trough or V- 

shaped knockout. Soldering is accomplished in the 

same manner as in flange mounting. 

Resistance Welding (See Fig. 6c) 

Parts joined by resistance welding should be specifi- 

cally designed for this technique to insure both con- 

centration and dissipation of heat. 

All-In-One or Unit Header Designs (See Fig. 7) 

These are proprietary designs wherein the seal, cover 

and brackets, studs or mounts are designed in one 

integral unit. Such designs eliminate costly assembly 

of numerous components. They also prevent damage 

to the seal while other elements are being attached. 
O00 
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Polyethylene Film Protects Printed Circuits 


SPECIALLY DESIGNED BAGS made of 
Bakelite Company's polyethylene film 
are used for protecting delicate printed 
circuits employed in electronic devices 
from shipping and handling damage. 

For many printed circuits, a simple 
slip sheet is sufficient. However, for 
highly sensitive quality circuits, where 
a slight scratch may cause distortions, 
polyethylene bags manufactured by 
Kennedy Car Liner and Bag Cémpany, 
Inc., Shelbyville, Indiana, are specified 
by Photocircuits Corp., Glen Cove, 
New York. 

The polyethylene film bags, fur- 
nished with a special dust and water- 
proof closure, protect the parts also 
from moisture and dirt during storage. 
This special closure, which seals with 
thumb pressure, can be easily opened 
when the part is needed. Go O.0 
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Polyethylene bag for protection of printed circuits. Left, printed circuit sealed in 
bag. Right, bag may be opened or sealed easily. (Source: Bakelite Company.) 
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Boolean Algebra 
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ircuit Design Using Boolean Matrices 


4 boolean transmission function can be translated directly into a series and/or 


parallel switching circuit. But if the transmission function is first expanded in 


boolean matrix form, a much simpler non-series-parallel circuit may result. 


and 


ystem Synthesis Using State Coding 


Coordinating the on-off states of system components with the control combinations 


imposed on the system can be vastly simplified by binary coding. Choice of code 


(straight binary, Gray, self-checking or self-correcting) requires a compromise 


between system simplicity and reliability. 


ONCE THE CONTRADICTIONS AND AMBIGUITIES have been 
eliminated from a given set of circuit specifications, the 
specifications can be transformed into transmission func- 
tions by synthesis maps, as detailed in Part III.* Some 
circuits can be drawn directly from their transmission 
functions; however, as discussed in Part III, the trans- 
mission functions can often be converted by algebraic 
manipulations to a form more compatible with the se- 
lected hardware. Another method of achieving circuit 
simplicity is by using boolean matrices. 
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CIRCUIT DESIGN WITH MATRICES 


The synthesis of combinational switching circuits by 
boolean matrices is basically the reverse of the boolean- 
matrix technique used to analyze switch networks (Part 
I1).+ In the case of analysis, one started with a complete 
circuit and found the total transmission functions by 
contracting the circuit matrix. In circuit synthesis, on 


*Part III of this series, ‘“‘Analyzing Specifications and Designing Circuits,’ ap- 
peared in the July 1958 issue. 


tPart II of this series, ‘‘Analyzing Combinational Circuits by Boolean Matrices 
and Karnaugh Maps,”’ appeared in the June 1958 issue. 
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the other hand, the total transmission functions are given 
by the specifications and the problem is to find a simple 
circuit which will do the specified job. The simplification 
aspects require some experience and ingenuity to per- 
form efficiently. 

As the reader might suspect, synthesis with boolean 
matrices requires expanding the matrices rather than 
contracting them. Actually it is not necessary to use a 
boolean matrix to convert a transmission function to a 
circuit. One can merely connect switches in series and/or 
parallel as prescribed by the algebraic expression. How- 
ever, a series-parallel circuit inevitably results. The ad- 
vantage of using matrices is that functions can be trans- 
formed into non-series-parallel forms when appropriate, 
often resulting in simplifications beyond those possible 
with direct translation. 

Two-Terminal Networks. It is assumed that the 
specifications have been analyzed and rectified and that 
they have been converted into a boolean function de- 
scribing the two-terminal network to be designed. Ini- 
tially, the circuit may be viewed as a black box which 
contains exactly two nodes: the input and output ter- 
minals. Calling them nodes ] and 2 (see Part II), the 
matrix of the black box would be a 2 x 2 array. Thus a 


YZ would have 


black box with transmission 7. \ 


| oat ae 


The above example is readily seen to be equivalent to: 


teas 


which describes a three-node circuit having the desired 
YZ). Another way of looking at 
this expansion is to consider a general matrix: 


[ l Pre Pis Pus | 
l Po Pr (80) 
| l Psa 
l 


In order to subdivide some entry in this matrix, a new 


the matrix: 


transmission (X 


node (node 5) is inserted, and the entry divided into 
three parts: 

Pw becomes (new py) + PisPs2 
Note how the subscripts of the product term relate to the 
original subscripts. Reversing the procedure (eliminating 
node 5) restores the original matrix. 

The details of the expansion process can be clarified 
by the following example. Assume that the desired trans- 
mission function is ZXY + ZX’Y’ + XY’'Z’. The2 x2 
matrix is: 

ZXY + ZX'Y’ 4 

l 
Since the variable Z appears in two terms of the trans- 
mission, factoring it out will eliminate one literal. A new 
matrix can then be formed by splitting off the factored 


portion: 
| l 


Note that since expanding the matrix involves convert- 
ing individual entries into the general form (A + BC), 
the objective is to find elements which can be partially 
factored out, as above. The factored term then becomes 
B in the expansion. There are other means by which 
literals can be eliminated. For instance, the term Y’ may 


xy'z” ~ (81) 


XY'Z' 
l 


Z 
XY + X’Y’ | (82) 
1 
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49 The transmission function of both of these circuits is 
ZXY + ZX’Y’ + XY’Z’. But the circuits were devel- 
oped by first expanding the boolean matrix of the transmis- 
sion function by different methods. See Eqs (80-84). 
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50 Circuit B, developed by expanding the matrix of circuit 
A, uses only three transfer sets instead of four. See 
Eqs (85-86). 


be factored from two entries simultaneously, yielding: 
1 0 Z XZ’ 
1 XY y’ (83) 
1 Xx’ 
1 
The circuit represented by Eq (83) is shown in Fig. 
49A. This is a non-series-parallel circuit, impossible to 
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describe by means of simple algebra. It requires two 
fewer literals than the original function. 

Transfer Contacts. The subject of transfer contacts 
was discussed in Part III. In terms of matrices, a trans- 
fer contact pair may be recognized as follows: if a 
variable and its prime appear in the same row or column 
of the complete square matrix, a transfer contact pair 
may be formed since they have a common node. In Eq 
(83) only four sets of contacts are required inasmuch 
as three transfer contact pairs are available. 

Alternative Solutions. The reader is now familiar 
with the fact that more than one circuit can perform the 
same logical operation. By starting with Eq (82) and 
factoring X instead of Y’ the following matrix results 
(see Fig. 49B) : 

[ 1 Z ie | 
X’Y’ \ 

L . 1 | 
l 

Spurious Terms. In Eq (83), the product of the 
newly formed terms XZ’ and X’ is 0. If this were not 
true, a new and possibly incorrect term would have been 
added to the circuit. This term is the indirect result of 
factoring Y’ from two different entries in Eq (82) simul- 
taneously. Upon reducing Eq (83) to Eq (82) three 
products are formed, two of which are the originally 
factored terms and the third of which is spurious (and 
hence must vanish if the transmission is to remain the 
same). In the event that these spurious terms did not 
cancel, it would have been necessary to factor the two 
entries separately, resulting in no saving of literals. For 
this reason, the matrix expansion method for synthesiz- 
ing circuits is a trial-and-error procedure. The result of 
any particular expansion (i.e., addition of a node by 
means of matrix manipulations) must be continuously 
checked in order to assure that no unwanted terms have 
been introduced. With practice, the reader will be able 
to simultaneously factor several terms as was done above. 
As his experience increases, he will be able to utilize the 
extraneous products to his advantage, without introduc: 
ing sneak paths. 

Example. The principles of matrix expansion may 
be applied to the counter circuit of Fig. 50A (originally 
Fig. 25B of Part II) whose matrix is: 


[ 1 XY’+ X’Y XY 
l 


L 


Factoring an X: 


| 


Note that the YY’ term cancels, as it must, to preserve 
the original transmission function. Factoring an X’: 
0 Xx , 
0 Yr’ Y 
| 0 0 (86) 
1 0 & 


[ 1 0 
1 
This circuit is shown in Fig. 50B. It requires three sets 


of transfer contacts, compared to the four sets of Fig. 50B. 


Redundant Elements. It is sometimes possible to 
invest one or two extra literals in order to secure a 
greater return in the form of circuit simplicity. For in- 
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stance, a term such as X might be changed to X + AY 
for strategic reasons. Consider the following matrix: 


mi a 1 


Inspecting the first row, it can be seen that by convert- 
ing the entry X into X + XY (certainly permissible), it 
will be possible to simultaneously factor XY and XY’. 
This has not saved any literals. However, it becomes 
possible to utilize the terms X, Y and Y’ of this expan- 
sion to simultaneously factor YX, Y’Z and XZ as well. 
The resulting matrix is: 


l 


X 
} 
Z 
y’ 


l 


Multiterminal Networks. The specification of a 
multiterminal system must include statements about the 
transmissions (7'\;) between every pair of terminals, input 
and output alike. Permissible and non-permissible back 
circuits must be indicated. For instance, if one of the 
inputs is a 28-volt d-c source, and another consists of syn- 
chro leads, a back circuit would be undesirable. Back 
circuits between outputs may be equally objectionable; 
interconnecting two synchro receivers might cause them 
to slave to each other and possibly damage one of them. 

If a particular back circuit would not be detrimental, 
its synthesis map would consist of ¢ terms. Each 7; may 
be described by a synthesis map; consequently. the cir- 
cuit matrix may have some flexibility in the entries, 
depending upon the resolution of the maps. 

Signal-Distributing and Signal-Collecting Cir- 
cuits. A common class of multiterminal switch circuits 
uses one input and many outputs (or one output and 
many inputs, the two concepts being the same). Examples 
of these might be an electrical power distribution sys- 
tem, or a master warning indicator circuit. The matrix 
expansion can be laborious, but nevertheless is usually 
easier than experimenting with circuit diagrams. Assign- 
ing number | to the input (or output) terminal, the speci- 
fications define transmission functions 7,2, 7;;, Tis, etc. 
Write the following matrix: 


] 1 T12 Ti; Tu Tis 
1 0 0 0 


] 0 0 
| ] 0 
l 


Upon contraction this would yield the proper transmis- 
sion functions, 7; ;. If back circuits are prohibited, it may 
be expanded directly (as with two-terminal circuits). 
More often, back circuits are permissible, provided that 
they do not form sneak paths for signals from terminal 1. 
(It does not matter ordinarily if two lights are con- 
nected together when both are off.) In this case, further 
simplification is possible. With back circuits prohibited, 
when two entries are expanded simultaneously a third 
spurious term arises which must vanish. Thus: 


1 A+BC D+EC 
l xX (89) 
1 


Can be expanded to: 
1 


B 
E 
1 
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only if BE does not affect the entry X. However, if back 
circuits are permitted the question is, “Does the addition 
of BE affect the contracted transmissions 7,., 713, Ti, 
etc.?” This must be checked by analysis, and if it does 
not, the expansion is permitted, although the matrix has 
been changed. It involves a cut-and-try process which 
can be lengthy since a number of possible expansions 
must be tried. 


SYSTEM SYNTHESIS USING 
STATE CODING 


In Part III of this series the discussion of synthesis 
was concerned with developing a circuit to satisfy a given 
set of requirements using a given set of controls. In the 
synthesis of an entire system the inputs, controls and 
sub-circuits all become variables of the problem. 

The central problem in system synthesis is to find the 
relationships among the desired output combinations of 
the system (all of them) and to superimpose control 
combinations on these outputs that will “inform” the 
central logic of the system which state it should assume. 

State coding is a method for studying the operation 
of the total system by first finding a desirable set of 
control variables and then deriving circuitry by means of 
the methods of Part III. It is a symbolic approach to the 
study of state diagrams, which are nothing more than 
flow charts of a logical system. One example is an in- 
dustrial flow chart that lists the steps, decisions and by- 
paths of a process, from which system diagrams may 
be derived, inspection points chosen, etc. For any sys- 
tem, industrial or otherwise, the state diagram can be 
investigated mathematically. 

Another advantage which may be derived from state 
coding is improved system reliability by means of self- 
checking or self-correcting techniques. As will be shown 
later, however, the added complexity caused by this type 
of redundant circuitry may cause a definite trade-off of 
redundancy vs simplicity in the search for a more re- 
liable system. 

A Preliminary Example. Figure 51 illustrates a 
simple switching system consisting of eight states to- 
gether with its state diagram. Figure 52 shows two 
methods of performing this switching. While the circuit 
of Fig. 52A is adequate, that of Fig. 52B requires only 
three wires instead of eight. In each case the total logic 
would be different. Figure 52A requires eight controls, 
or 256 logical states of which 248 are essentially “im- 
possible,” hence “¢ states” by our notation. Figure 52B 
requires a logic with only three controls and eight states, 
and no “impossible” states. From a system point of view 
both examples do the same job, yet the second is basically 
much simpler. 

This example illustrates one possible result of state 
coding—simplicity. Other objectives are built-in fail- 
safe features and reliability bought with intentional re- 
dundancy. In order to use these techniques properly, a 
few mathematical preliminaries must first be reviewed. 

Binary Numbers, A binary number or word is a 
collection of ones and zeros written in a given order. 
Each entry in the word is called a bit.* Usually a set 


*See “Numbering Systems,"’ I. L. Auerbach, Evecraica, Manuracturinc, Septem- 
ber 1957, p 116. 
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51 First step in developing the switching logic for a control 
problem, such as the combination TV-Hi-Fi-Bar, is to 
draw its state diagram detailing desired switching sequences. 
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5 Two possible switching circuits for Fig. 51: (A) is a 

literal translation of the state diagram requiring eight 
controls; (B), developed through state coding, requires only 
three controls. 
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5 Two methods of identifying the boxes of a Karnaugh 
map: (A) binary numbers corresponding to states of U, 
V, W, X; or (B), decimal equivalents of the binary numbers. 
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55 Evolution of three-dimensional (three-digit) binary num- 
bers. 
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of binary numbers will have a definite relationship to 
decimal numbers, as typified by the following: 

0 

l 

10 


11 
100 


1001 
10 1010 ete. 

This is called a weighted code, in that each bit is as- 
signed a definite value, and the values of those bits 
having the symbol 1 are added to find the arithmetical 
equivalent. In this case the weights are, reading from 
right to left, 1, 2, 4, 8, 
represented by: 


2". Thus the number 9 is 


(1 x 23) + (0 x 22) + (0 X 21) + (1 & 29)}4 


Other weighted binary codes exist and are in extensive 
use, each having its own advantages. Among them is the 
binary-coded decimal family, which has the advantage 
of being convertible to ordinary numbers in a very easy 
way. There are also binary codes which are not weighted. 
Among these are the Gray codes, which will be discussed 
further on since they are extremely useful in the design of 
logical systems. 

Decimal Specifications. One application of the re- 
lation between binary and decimal numbers is a com- 
pact way of specifying a switching function. Recalling 
that a Karnaugh map completely defines any switching 
function, it is only necessary to write down the “names” 
of the boxes containing 1’s in order to specify the entire 
function. Each box in the map corresponds to a certain 
combination of 1 and 0 entries, representing the states 
of the boolean variables. Figure 53A shows the resulting 
“names” of the boxes in binary code. Converting these 
binary numbers into their decimal equivalents, Fig. 53B 
results. Thus the decimal specification of the Karnaugh 
map is given by the decimal “‘names” of the boxes con- 
taining 1’s. For example: 

UVW'X + U'V'W'X U'Vwx UV'Ww.X’ (92) 
can be represented by the decimal specification: 


(1,7,10,13) (92a) 


The reason for employing this particular specification 
method is that tabular reductiont employs the same no- 
tation. 

Geometry of Binary Numbers. In order to under- 
stand binary codes it is useful to think of binary num- 
bers as vectors, and to think of their relationships 
geometrically. Abstractly speaking, a vector is simply a 
collection of numbers with certain rules of addition and 
multiplication. In this sense a binary number is a kind of 
vector; each bit represents one coordinate axis, and the 
value (0 or 1) represents the value of that component, 
Fig. 54. Figure 55 shows the evolution of the geometry of 
three-dimensional binary numbers.* Binary numbers 
with four or more digits require four or more coordinate 
axes, constructed in a similar (albeit complicated) way. 

Adjacent numbers (those connected via one edge) 
are alike except for one bit. They may be said to have 
one unit distance between them. In general, the distance 
between binary numbers is found by counting the fewest 


tSimilarly, ordinary decimal numbers form a weighted code, the weights being 
powers of ten. 

+The technique of tabular reduction will be discussed in a supplementary article 
to be included in the combined reprint of this series, to be available after 
publication of Part V in the September issue. 
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number of “edges” which must be traversed to go from 
one to the other. Thus 000 and 010 are one unit apart. 
The numbers 000 and 101 are two units apart, while 
110000 and 100111 are four units apart. The distance 
between two binary numbers is also equal to the number 
of bits in which they differ. 

States of a System. Each possible combination of 
outputs of a system defines a state. Some of these states 
may be useful, some may be malfunction states, and 
some states may warrant no consideration on the part 
of the designer. It is the useful states, plus those mal- 
function states for which safety considerations are re- 
quired, that form the components of a state diagram. 
The possible states which are ignored may have to be 
incorporated at a later time, for they are states for which 
no safety features will be imposed. In a binary system 
there are 2" possible states (where n equals the number 
of discrete output choices). 

State Diagrams. A state diagram defines the system 
states and the ways in which the system normally goes 
from one state to another. Figure 51B shows such a 
state diagram. The boxes represent the system states, 
and the arrows show which states are accessible from 
which. For instance, it is not possible to go from STEREO 
to PHONO without first passing through TAPE. A sys- 
tem whose outputs are completely independent has a 
state diagram with every interconnection shown. Such a 
system is really a collection of independent systems, each 
of which may have one control and one output. 

Figure 56 shows a more complicated state diagram. 
Since three outputs are involved, eight states are possible. 
One of them, however, has been ignored for this prob- 
lem. This state (car empty, moving, engine running) 
might have to be considered if emergency “circuits” 
were required: otherwise, it can be ignored. As written, 
the state diagram shows, for the purpose of some hypo- 
thetical problem, the relationships of three logical vari- 
ables: (1) operation of the engine, (2) motion, and 
(3) whether or not there are passengers aboard. Using 
this state diagram, it would be possible to design logical 
switching (if desired) such that a minimum of operations 
is required to go from one state to the next. 

Characteristics of State Diagrams. Certain ob- 
servations may be made about state diagrams which will 
define the scope of the associated logical problem. The 
eA tintin notation is used by physicists and metallurgists to define pla-es and 


directions in crystal structures. (See “‘The Molecular Key to Dielectric Proper- 
ties,"’ Erectricat MaNnuracturine, July 1958, p 87.) 





most important of these is the fact that for combinational 
problems each path runs in both directions. In Fig. 56 
one can always retrace his steps; if he could turn the 
engine on only when the car were stopped but could turn 
it off at any time, the corresponding arrows would be 
unidirectional. In this case the problem would be sequen- 
tial in nature. 

The number of states determines the magnitude of the 
logical problem. If N is the number of states, then the 
number of logical controls n which are essential is: 


n = Int (log) (93) 


where Int( ) refers to the next larger integer if the 
number within the parentheses is not an integer. If the 
number of controls which had been anticipated is smaller 
than n, then either of two situations exists: 

1. There is a hidden control which has been over- 
looked; 

2. The system is sequential in nature, and the states 
depend upon the past history of the system. 

On the other hand, if the number of controls is greater 
than n, a redundancy exists which can either be elimi- 
nated or can be turned to useful purposes by instituting 
self-checks. This redundancy will appear whenever the 
number of controls is not exactly equal to log,V. Very 
often the nature and number of controls is beyond the 
will of the systems designer. In this case it may not be 
possible to eliminate them willy-nilly, but error-detecting 
features are still possible in many cases. 

State Coding. State coding consists of coordinating 
systems states with control combinations. The system 
states are given in the state diagram. The controls are 
assumed binary in nature; hence, control combinations 
can be represented by binary numbers. For instance, if 
five variables are used in a system, any off-on combina- 
tion of variables may be defined by a five-bit binary 
number. This number is the same as that used to define 
a control state (or box) on a Karnaugh map. 

Since the choice of controls and control assignments 
is presumably up to the system designer, this algebraic 
approach will permit optimization of the system controls 
without requiring him to experiment with circuit dia- 
grams. 

The results and methods of state coding can be illus- 
trated by working backwards, starting with a set of con- 
trols and showing how they are directly related to the 
state diagram. In Fig. 52B, three controls (X, Y, Z) are 
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5 State diagram of an automobile. Note that one possible state (auto empty, moving, engine running) has been omitted as 
improbable. 
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required to operate the system switching of Fig. 51. The 
assignments of the controls and the details of the switch 
wafers were originally determined by a state code ap- 
plied to the diagram of Fig. 51B. Using 0 and J to repre- 
sent off and on, as customary: 


State 

AM 

FM 

SW 

Ty 

Phono 

Tape 

Stereo 

Aux 0 
The above table describes the operation of the controls. 
Each state is described by a three-bit binary number 
which also gives the settings of the controls. Figure 57 
illustrates how the code numbers are placed on the state 
diagram. With this arrangement of switching, a transi- 
tion from any one state to the next involves the opening 
or closing of only one contact; consequently, problems 
of unsynchronized contact operation are eliminated. 

The usual synthesis procedure is to draw a state 
diagram and code each “box.” This code may then be 
translated to control circuitry. It has been assumed for 
the above examples that the control box of Fig. 51A is 
a remote unit operating relays or diode gates in the com- 
bination TV-Hi-Fi-Bar, and that the design of the entire 
system is being studied. Once the control switching has 
been determined, the relays or gates of the logic can be 
designed using circuit synthesis (Part III). 

Gray Codes. Any state diagram may be coded in any 
way, provided that different states have different code 
numbers. Unless cryptographic considerations are im- 
portant. there is no point in doing this at random. One 
of the most useful and widespread systems of coding 
makes use of the Gray codes. 

As Gray code is a collection of binary numbers taken 
in a certain order (any of several) with the property 
that successive numbers are one unit distance apart. 
Gray codes are especially important in switching systems 
because of the property that only one variable changes 
at a time. thereby preventing any confusion between 
states. Referring to Figure 55D, a Gray code can be 
manufactured by starting at any vertex of the cube and 
proceeding along successive edges, writing down the 
“names” of the vertices as they are encountered. Note 
that in this definition there is no restriction against cov- 
ering a vertex more than once. For example, two codes 


which can be manufactured by this method are: 
000 ,001,011,010,110, 111,101,100 (95) 
100, 110,111,101, 100,000,010,011, 001,000 (96) 

The code of Eq (95) is known as a conventional Gray 
code and can be derived arithmetically.* This is the 
same code, but in reverse order, as was used in Fig. 57 
for the circuit of Fig. 52B. The code of Eq (96) is a 
specialized version that might be called a branching Gray 
code. 

Comparing Figs. 52A and 52B shows a primary ad- 
vantage of Gray coding. Switching from one step to 
another of Fig. 52A will introduce an _ undesirable 
transient; switching from one step to another of Fig. 
52B will not. 

Gray codes may be used not only for state diagrams 
which are circular in nature (Fig. 57) but also for many 
other forms of state diagrams. Figure 56 can also be 
Gray-coded; one may adopt as control variables the three 
conditions which describe the states, and Fig. 58 is the 
result. 

It is not always possible to Gray-code a state diagram. 
Three criteria may be employed to assist in finding a 
Gray code: 

1. If any loop in the state diagram contains an odd 
number of states, that loop can not be Gray-coded. This 
will become apparent if the reader attempts to write such 
a code for Fig. 59A. 

2. The number of bits in the Gray code (if one exists) 
can be estimated as follows: letting N equal the number 
of states, n being the number of bits given by Eq (93), 
and p the greatest number of connections to any one state 
in the diagram, then the number of bits (g) required for 
a Gray code is at least: 

g = Max (n, p)t (97) 

3. If a given state diagram can not be Gray-coded, it 
is usually possible to generate a state diagram amenable 
to this technique by introducing dummy states that do 
not interfere with the specified operation. In Fig. 59B 
a dummy state (E2) has been inserted and a Gray code 
is now possible. The logic circuitry associated with this 
diagram must perform operation E in both states FE, and 


l 
E>. 


***Digital Codes for Numerical Control,"”’ W. H. T. Holden, Evecrnica Manurac- 
TuRING, December 1956, p 105. 


tThe authors conjecture that if no Gray code of size g can be used for a given 
state diagram, it is impossible to find a suitable Gray code. If a large number 
of state interconnectiozs is required, the Gray code may become impracticably 
large. 
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5 Gray code developed in Eq (94) applied to state diagram 
of Fig. 51 preliminary to designing circuit of Fig. 52B. 
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58 Gray code applied to automobile state diagram of Fig. 56. 
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The inherent reliability of this type of code stems not 
only from the absence of transient states, but also from 
minimization of the number of relay cycles required to 
proceed from state to state. Sequential circuits especially 
benefit from the technique (as will be shown in Part V). 
Analog-digital converters are often built with Gray code 
outputs because the transient state problem can become 
very severe in the conversion of a continuous function 

+g. rotation) to a discrete function (code). 


(e.g. 


Self-Checking Codes. 


“Just the place for a Snark! I have said it twice: 
That alone should encourage the crew. 
Just the place for a Snark! I have said it thrice: 
What I tell you three times is true.” { 

Despite their built-in reliability, Gray codes can not 
be self-checking to any large extent. When further im- 
provement in system reliability is required, this can be 
done by introducing self-checks through overt redun- 
dancy. Crudely, if the number of controls for a system 
is doubled or tripled and if the “message” which assigns 
the system state is transmitted several times, a distinct im- 
provement in system reliability results. There are more 
efficient ways to do this. Rarely is the designer permitted 
the luxury of increasing the number of controls suff- 
ciently to employ the method suggested by Lewis Carroll. 
Making some reasonable assumptions about the nature 
of system failure, one can often improve system re- 
liability by a predictable amount at the expense of only 
a relatively small amount of redundancy. 

Suppose that it is desired to redesign the control unit 
of Fig. 51 with self-checking features. In particular, if 
any wire opens or shorts, or if the unit is disconnected, 
the bar light should turn on. One standard approach 
employs a parity check. The code is set up such that the 
sum of the bits in each binary number (added sideways) 
is an odd number; i.e., that the number of 1’s in each 
code number is odd. If the logic is made receptive only to 
codes having an odd number of 1’s, it will reject wrong 
codes. Figure 60 shows the resulting state diagram and 
the control switching. The fail-safe state, approachable 
from any other state, has the following boolean function: 


UV 
WX 00 07 II 10 


00;| 1 
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"1 
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This function can be converted into a switching circuit 
which has six sets of transfer contacts. 

The above example demonstrates the first general cate- 
gory of reliability-enhancing codes, those which are self- 
checking. The system will be aware if a malfunction has 
occurred but does not know the correct solution or state. 
In Fig. 60 the failure of any wire results in the same 
malfunction state. Operation of this system depends on 
the assumption that failures occur one at a time. 

The general principle of parity-check codes is this: if 
a single failure occurs, it will either (1) have no effect, 
(2) change a 1 into a 0, or (3) change a 0 into a 1. 
Therefore, any new code number arising from a single 


TCarroll: The Hunting of the Snark. 
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59 (A) State diagram with an odd number of states in a 
:loop cannot be Gray coded unless (B) a dummy state 
is introduced. 
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b Parity-check code (one of several possible) applied to 

state diagram of Fig. 51 and resulting switching circuit 
which will light the bar lamp whenever an even number of 1’s 
occurs, indicating a circuit failure. 


malfunction will be one unit distance from a correct code 
number. Since the correct code numbers have an odd 
number of 1’s, the incorrect ones will have an even num- 
ber, and the circuit can be designed to detect this fact. 
Because malfunction states usually have unit distance 
from correct states (for any type of code), it follows that 
Gray codes are inherently not self-checking if the prin- 
ciple of single failures is utilized. Incorrect code numbers 
are assumed to be one unit distance away from correct 
numbers, hence successive correct codes must be at least 
two unit distances apart. The parity-check principle ac- 
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61 Adding a parity check to the simple circuit of (A) 

nearly triples the number of controls required in the 

logic. Which circuit is more reliable can be determined in 
Fig. 62. 
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6 Relationship of control wire failure probability (p) and 

relay contact failure probability (q) used to determine 
whether circuit of Fig. 61 is more reliable with or without 
a parity-check circuit. 
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complishes this and requires only one additional control.* 
The circuitry for detecting an odd or even number of 
l’s is quite simple. 

An odd parity-check code can be constructed from any 
code as follows: add one control or binary digit to the 
system. Assign 0 or 1 to this control such that the total 
number of l’s in each control number is odd. For ex- 
ample, the Gray code of Fig. 52B and Fig. 57 can be 
converted into a parity-check code as follows: 


State Gray Code Parity-Check Code 

AM 000 1000 

FM 100 0100 

SW 101 1101 

TV 111 oun] (99) 

Phono 110 1110 

Tape 010 0010 

Stereo O11 1011 

Aux 001 0001 
This parity-check code is not the same as that offered 
in Fig. 60. It has the disadvantage of requiring a three- 
wafer switch; on the other hand it is very nearly a Gray 
code and possesses those advantages to some degree. 

The assumption of one-at-a-time failures is generally 
valid if the failure probability of one control during a 
switching interval is small compared to 1/n, and if the 
failures may be assumed independent. In order to protect 
a system against more than one failure, the circuitry can 
become quite complicated. It can be shown that if the 
control failure probabilities are independent and approxi- 
mately equal to each other, then the ratio of double- 
failure probability to single-failure probability is of the 
same order of magnitude as the ratio of triple-failure 
probability to double-failure probability. In other words. 
if the designer is worried about double failures he must 
usually worry about higher-order failures to some degree. 

Self-Correcting Codes. Sometimes the operational 
requirements insist that fail-safe provisions are not 
enough—when a failure occurs the system must correct it. 
A parity-check code can not be directly used as a self- 
correcting code because each malfunction state may cor- 
respond to several correct states. What is needed in the 
case of self-correcting codes is to identify each expected 
malfunction code number with a definite correct state. 
The construction of self-correcting codes is fairly diff- 
cult. Each acceptable code number must be at least three 
unit distances from every other code number in the state 
code. Some experimenting is necessary to find a suitable 
code which is economical. One un-economical way to 
do this was suggested by Lewis Carroll and consists of 
providing three independent sets of controls, each carry- 
ing the same code. A failure of any one control will cause 
that group of controls to be incorrect: the other two sets 
of controls will carry the correct information and a 
simple best-two-out-of-three circuit can determine which 
set of controls to believe. 

If N is the number of states which are to be coded, 
then a self-correcting state code using the single-failure 
assumption must have at least the number of bits n given 
by the following equation: 


In 
- a 100 

n+l ( ) 
On the other hand, a “what I tell you two-out-of-three- 
times is true” code can always be made and the number 
of bits required is: 


*Parity-check codes employing an even number of 1's are generally not used 
because a total system failure (0000 . . .) has an even number of I's. 
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= 3 Int (log./V) (101) 


Equations 100 and 101 form respectively lower and 
upper bounds for n.* For example, the TV-Hi-Fi-Bar can 
be coded as follows, using seven wires and three switch 
wafers: 

State Self-Correcting Code 
AM 0000001 
FM 1001011 
SW 0011010 
TV 1010110 
Phono 0110111 
Tape 1111101 
Stereo 0101100 
Aux 1100000 


The logic circuit must be constructed to recognize any 
state displaced one unit distance from the correct state 
as a malfunction state, and to correct the malfunction. On 
the Karnaugh map, the malfunction states are adjacent 
to the correct states and a considerable amount of merg- 
ing can be done in the logic. In the example cited above 
there are 8 correct states and 56 expected malfunction 
states. The remaining 64 states can only be reached by 
two or more simultaneous failures; they can either be 
ignored or made into simple self-checking states. 
Computer Codes. Computer codes are merely ex- 
amples of state Although this section has dealt 
with the design of system controls which are in the form 
of separate wires, levers, or other logical control inputs, 
is no restriction to transmitting the entire state- 
code “message” In this case the system 
logic will become sequential (see Part V) but the state- 
The code num- 


codes. 


there 
along one wire. 


coding problem is essentially the same. 
bers, instead of identifying the states of individual wires. 
“words” along a bus bar, tape channel. 
punched card, etc. As far as computer logic is concerned, 
the considerations involved in self-checking codes are 
basically the same, although the practical problems are 
quite different. 

System Reliability. Fundamentally there are three 
ways to improve the reliability of a system. The first of 
these has to do with the design of circuits and choice of 
components after the basic logic has been determined. 
and will not be discussed here. The second and third 
methods are intimately connected with logical design; 
they utilize simplicity and redundancy. 

The motivation of logical design is to a great extent 
that of simplicity. Knowing the requirements of a system 
one can usually patch together a circuit which will work, 
without recourse to boolean algebra. The purpose of 
mathematical synthesis and analysis as discussed in this 
series has been one of sophistication—of finding a rela- 
tively simple circuit to do a relatively complicated job. 
The relationship of simplicity to reliability is fairly ob- 
vious and can be estimated by calculation. If adequate 
reliability can not be obtained through simplicity alone. 
it is necessary to introduce redundant elements in the 
circuit or in the controls to reach the requirements. 

Redundancy must be paid for with a loss of simplicity. 
The question of whether to employ simple self-checking 
codes or self-correcting codes is one for operational 
analysis, involving the relative “costs” of fail-safe errors 
and undetected errors. Since complexity is the price of 
redundancy, a probability calculation is required to de- 
termine whether or not a self-checking system is actually 


are transmitted as 


*A sharper estimate for the upper bound of n is 2 + 2 Int (loge), using enough 
controls to transmit a parity-check code twice. 
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6 Revised controls for Handy Dandy Coin changer (see 


Part III) using six controls to handle 51 possible states. 
Controls N, P are coded (see text, page 272). 


more reliable than a simple system for any given prob- 
lem. 

An example of expensive redundancy is shown in Fig. 
61. The relatively simple system of Fig. 61A has been con- 
verted to a parity-check system at the cost of nearly three 
times as many switch contacts in the logic. The reliabil- 
ities of the simple system and the parity check system 
have been calculated, using the assumption that the two 
sources of failure are the controls and the logic relay con- 

(Continued on page 272) 


Boolean Algebra Reprints 
to be Available 


Upon publication of Part V in the Septem- 
ber issue, the complete series “Engineering 
Applications of Boolean Algebra” will be 
available for sale as a single combined re- 
print. Price: $2.00. This reprint will con- 
tain an unpublished appendix on tabular 
reduction techniques and an extended bib- 
liography of boolean algebra literature. 
Orders are being accepted now; send re- 
mittance ($2.00) with order to: 


ELecTRICAL MANUFACTURING 
Attn: Reader Inquiry Service 
1250 Sixth Avenue, New York 20, N.Y. 


Rates for quantity orders on request. New 
York City orders should include 3% sales 
tax ($2.06). 
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Fig. 1—Layout of assorter-conveyor in Railway Express terminal. 
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Automatic Operation in Package 


High-speed, automatic sorting of packages in a Railway Express terminal is achieved 


usual package diverting mechanism 


by this new assorter conveyor. An electromechanical memory device and an un- 


SIMPLE BUT EFFECTIVE CONTROL MEANS and a uniquely 
designed mechanical conveyor have been combined in 
the “electro-automated assorter conveyor” recently in- 
stalled to sort packages in a terminal of the Railway 
Express Agency in Long Island City, N. Y. Designed and 
built by Nelson Laboratories, Inc., Hyattsville, Mary- 
land, and the Railway Express Engineering Division, 
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Separation branches 


Fig. 2—Conveyor branches are angled and spaces between 
branches are covered to prevent packages from dropping to 
floor. 


118 


contribute to the system’s simplicity of design. 


the system solves the long-standing sortation problem 
of taking packages of many sizes and shapes in a 
continuous flow in random order and segregating them 
into a number of new destinations. The reading of a label 
address and translation of it into a routing code number 
must be accomplished by human operators, as must the 
keying of the information into a memory system. There- 


Fig. 3—Package on conveyor passing photoelectric light beam 
which 


measures length of package on a time basis. 
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after the following of instructions is accomplished auto- 
matically by the assorter-conveyor system. 

Basically, the system is a routing scheme in which any 
one of 15 destinations can be selected by the operator 
(router) and entered into an electromechanical memory. 
The memory is needed since, while one package is being 
routed off the conveyor, instructions for up to 14 other 


Fig. 4—Synchrotimer memory in which routing information 
is mechanically stored until package reaches proper separation 
branch. 
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separations can be entered into the system. Wide varia- 
tions in package size pose a problem in the selection of a 
“kick-off” device, since it must literally fit each package 
if most efficient use is to be made of the conveyor space 
by keeping distances between packages to a minimum. 
The layout of the Railway Express installation is shown 
Fig. 1. There are 15 selections or separations which 
can be made in sorting the packages. A sixteenth branch 
on the conveyor is used to recirculate packages to pre- 
vent a jam on one of the separations in case a package 
gets stuck or any one of the separations is filled. 
Conveyor Slat Construction. The assorter conveyor 
is made of aluminum slats connected by a roller chain 
riding in Micarta runways on a steel frame. The conveyor 
15-hp, electromechanical. 
drive, while the separation branches are 
driven by 1-hp, right-angle gear-head motors. Only the 
first parts of the separation branches are power 
The latter portions are free-running steel rollers down 
which the packages move due to their initial momentum 
and the force of gravity. 
Each aluminum slat of the conveyor is equipped with 


is driven by a variable-speed 


individually 


driven. 
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Fig. 5—Package being pushed off conveyor by sliding boots. 
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Fig. 6—Construction of sliding boot mounted on drawer slide 
of conveyor slat. 
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a drawer slide on which is mounted a sliding bar with 
a triangularly shaped boot protruding above the con- 
veyor. At the proper time the sliding boots are made to 
move across the conveyor (from left to right in Fig. 2) 
so that they shove the package off the conveyor. 

The operation of the assorter conveyor begins in the 
upper left corner of Fig. 2 where, after being premarked 
by hand with a code number to indicate one of the 
separations, the packages pass a viewing booth in which 
a “router,” reading the marking on the package, punches 
the appropriate code information into a keyboard. Next, 
the package passes through a light beam as shown in Fig. 
3. The length of time that the beam is broken by the pack- 
age is used as an indication of its size and the two pieces 
of information, size and destination, are transmitted to 
the “brains” of the control system, a Pratt and Whitney 
“Synchrotimer.” 
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Fig. 7—Schematic of electrical control circuits for a single 
actuation of assorter conveyor. 
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The Synchrotimer, shown in Fig. 4, is an electro- 
mechanical memory device, chosen instead of a capacitor 
memory used on a similar previous system because of 
the Synchrotimer’s simplicity of operation. It contains a 
number of wheels which rotate synchronously with the 
package conveyor so that one rotation of the wheels 
takes place in the same time as a complete cycle of the 
slat conveyor. Around the periphery of each wheel is a 
number of cylindrically shaped pegs which can be pushed 
either way in the holes in which they are mounted. These 
pegs serve both as read-in and read-out devices of the 
memory. Routing information is read in by a solenoid- 
operated plunger selected by the router. 

The number of pegs that are pushed out at one time is 
determined by the length of time that the package is in 
the photoelectric beam and, hence, the length of time 
that the solenoid is energized. Since the pegs in the 
wheels can be pushed either way, each wheel can be used 
to control two package separations. As the Synchrotimer 
wheel revolves, the pegs that have been pushed out 
eventually reach a limit switch which performs the read- 
out function and actuation of the package kickoff boots, 
Fig. 5. Initiation of the kickoff function is by solenoid 
and there is one at each separation point. The solenoids 
free the boots so they can be moved into the discharge 
position. The number of boots released is a time func- 
tion of solenoid activation, again depending on the num- 
ber of pegs that were pushed out of the memory wheel 
and, hence, the length of the package. 

In their normal, restrained position, the sliding boots 
are held off of the drawer slide, Fig. 6, because roller 
A rests on a support on the slat. A few feet before a 
package reaches the separation at which it is to be re- 
moved, the action of the Synchrotimer energizes the 
proper solenoid and only enough sliding boots are 
pushed off of their slat supports to properly handle the 
particular package. The sliding boots are diverted by the 
solenoid pushing against roller B on the rear extension 
of the boot. 

As the package continues to approach the desired sepa- 
ration, the second function in removing the package is 
accomplished by the cam-like operation of a bar which 
angles across under the conveyor as shown in Fig. 2. 
The cam bar engages wheel B on the boots, pulling them 
forward to push against the package and discharge it. 
Note that the boots move forward to push the packages 
off the conveyor at an angle so as to produce a resultant 
motion parallel to the separation conveyor channel. At 
the end of the conveyor line, all of the boots are moved 
to the “unload” or free side for the return under the 
conveyor and all are retracted at once by a master cam 
and lifted back onto the supports as they move to the 
top of the conveyor. 

Control Circuits. The principal portion of the elec- 
trical circuits of the assorter-conveyor system has to do 
with the entering of the information concerning destina- 
tion and size of the package into the memory wheels. 
Shown in Fig. 7 is a simplified circuit whereby one of 
the keying switches is operated to energize one of the 
solenoids which pushes out the pegs in the Synchrotimer. 
In the schematic, SW1 is one of the 15 keying switches 
on the operator’s panel. Each keying switch has two 
normally open and one normally closed contacts. Each 
switch also contains a solenoid which, when energized, 

(Continued on page 276) 
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Electronic Standards 
for Industrial Equipment 


Plant Engineering Electronics Committee 
GeNneRAL Motors TecHnicat CENTER 
Detroit, Michigan 


INDUSTRIAL 
EQUIPMENT have been prepared by the Plant En- 


THESE ELECTRONIC STANDARDS FOR 


gineering Electronics Committee of the General 
Motors Corporation to insure safe and dependable 
operation of electronic equipment used in the cor- 
poration’s manufacturing processes. With-the re- 
cent rapid growth of the use of electronics in indus- 
trial applications, a particular need for these 


standards was felt since the Joint Industry Con- 


EL1. GENERAL 


EL1.1 The purpose of these Electronic Standards 
is to provide detailed specifications for the 
construction and application of electronic apparatus 
to industrial equipment, which will promote: 

a. Safety to personnel 

b. Uninterrupted production 

c. Long life of the equipment 

d. Ease and low cost of maintenance 
These Standards are not intended to limit or inhibit 
advancement in the art of electronic, electrical or 
mechanical engineering. 
EL1.2 Wherever electronic and electrical equip- 
ments are employed together, these stand- 
ards shall apply only to the electronic equipment and 
shall be supplemental to the JIC Electrical Standards 
for Industrial Equipment. 


EL1.3 Wherever a specific standard is mentioned, 
it is understood that it will be “the latest 
revision thereof” unless otherwise specified. 

EL1.4 Industrial electronic equipment can be de- 


fined as any equipment which utilizes elec- 
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ference (JIC) Electrical Standards for Industrial 
Equipment do not adequately cover this area. 
It is intended that the two standards should be used 
in conjunction with each other. Reprints of the JIC 
Electrical Standards for Industrial Equipment, 
which were ,published in their latest revision in 
ELECTRICAL MANUFACTURING in June 1957, are 
available. See p 254 for ordering information. 
—EDITOR 


tron tubes, semiconductors, magnetic or dielectric am- 
plifying agents and their directly associated circuit 
components used in or necessary for manufacturing 
processes. 


Before manufacture of the equipment is be- 
gun, the industrial equipment builder shall 
submit, for purchaser’s approval, preliminary data 
consisting of: 

a. Schematic diagrams 

b. Stock list 

c. Sequence of operations 

d. Electronic equipment layout 


EL1.5 


Information listing voltage, phase, fre- 
quency, and volt-ampere requirements shall 
be shown on the main equipment nameplate. Name- 
plate shall be durable bakelite or metal. 


EL1.6 


Deviations from these Standards shall have 
the purchaser’s written approval. Any waiv- 
ers granted shall apply only to the order in question 
and shall not be considered as permanent. 


EL1.7 


When purchaser desires that these Elec- 
: tronic Standards apply, he shall so specify 
in his original inquiry and on his purchase order. 


EL1.8 
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le J 


EL2.1 
EL2.1.1 


DIAGRAMS 


Final Data Required 


The industrial equipment builder shall supply 
the following technical information in repro- 
ducible form with the electronic equipment. 

a. Schematic diagram 

b. Stock list 

c. Sequence of operations and set-up instructions 

d. An electronic equipment layout 

e. Interconnection diagram 

f. Component layout 


EL2.2 
EL2.2.1 


Schematic Diagram 


The American Standards Association Graph- 
ical Symbols for Electrical Diagrams, Y32.2, 
shall be used. 


EL2.2.2 All power transformer voltages shall be 
shown on the schematic diagram at the wind- 
ings. The polarity of each winding at a given instant 

shall also be shown in phase-sensitive circuits. 
EL2.2.3 The internal and external connections to the 
pins for each plug-in device shall appear on 

the schematic diagram. For example: 
ICR 
< | 
—_—< 

| PL-4 ! 


Pin 4 0n plug | 





1PL-5 


1PL-2 (cc) 1PL-7 
—— 


EL2.2.4 Voltage data, which facilitates trouble shoot- 

ing, shall be indicated on the schematic dia- 
gram. The sensitivity of the measuring instrument 
and the conditions of the circuit at the time of meas- 
urement shall be given. 


EL2.2.5 Oscilloscope traces, showing wave form with 
peak-to-peak voltages, shall be given in cases 

where meter readings will not give a complete indi- 

cation of the performance of a component or circuit. 


EL2.3 Stock List 


EL2.3.1 The stock list shall show the device identi- 
fication, quantity, name, and type of each 
component of all units used in the equipment. Other 
information necessary to order replacement compon- 
ents and units shall also be shown. The original manu- 
facturer’s name and designation shall be used for each 
component. Any change in the original manufacturer’s 
circuit or component by the equipment builder shall 
be shown on the diagram. 

EL2.4 Sequence of Operations and Set-Up In- 
structions 


EL2.4.1 (A) The sequence of operations shall be 
worded to indicate the progression and func- 
tion of all push buttons, electronic tubes and semi- 
conductors, relays, solenoids and all other electronic 
and electrical components on the eauipment. 

(B) The set-up information shall list all the 

necessary information for calibrating and 
operating the equipment. 

(C) When adjustable components must be 

set to give a desired operation of the elec- 


tronic unit, the necessary information for making 
these adjustments shall be furnished. 


EL2.5 
EL2.5.1 


Electronic Equipment Layout 


The electronic equipment layout shall consist 
of an outline drawing or photograph (glossy 
print) of the control panel and other electronic eauip- 
ment external to the control panel. The drawing or 
photograph shall show relative positions of all devices. 


EL2.6 Interconnection Diagram 


EL2.6.1 The interconnection diagram shall show the 
electrical connection between each electronic 
unit and all separately-mounted devices. 


EL2.6.2 Each wire or conductor on the interconnec- 

tion diagram shall be identified on the dia- 
gram with a number or letter. All wires connected to 
the same terminal or tie point shall have the same 
number or letter. 


EL2.7 
EL2.7.1 


Component Layout 

The component layout shall show, by a draw- 
ing or photograph, the physical location of all 
tubes, transformers and other major components but 
shall exclude resistors and capacitors of each electronic 
chassis. 


EL3. COMPONENTS 


EL3.1 
EL3.1.1 


Standard and Special Components 
Standard components should be used wher- 
ever possible. If special components are used, 
type, number, name of manufacturer and other perti- 
nent information shall be shown on the stock list. 


EL3.2 
EL3.2.1 


Resistors 


All composition resistors shall have the re- 
sistance value and tolerance indicated either 
by means of the Electronic Industries Association 
(EIA) color code, or by printing on the resistor body, 
which is preferred. 


EL3.2.2 Wire-wound resistors shall have resistance 

value and power rating plainly marked on 
resistor body in a location where this information is 
plainly visible. 


EL3.2.3 When resistors with adjustable lugs are used, 


the lugs shall be in a readily accessible loca- 
tion for adjustment. 


EL3.3 
EL3.3.1 


Transformers and Inductors 


Electronic Industries Association (EIA) 
color coding of leads or lug identification 
shall be used on standard components. 


EL3.3.2 Special transformers and inductors shall be 
identified, including circuit diagrams, cur- 
rent, voltages, impedance, name of manufacturer, type 
number, and any other pertinent information. 


EL3.4 


EL3.4.1 All capacitors shall be plainly marked with 
voltage, capacitance, polarity and terminal 


Capacitors 
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identification. Capacitors shall be installed with this 

information visible. 

EL3.4.2 All capacitors shall have working voltage 
ratings in excess of applied peak voltages. 


EL3.5 Electron Tubes and Semiconductors 


EL3.5.1 


Selection of tubes should be made from tube 
manufacturer’s preferred list. 


If selected tubes or semiconductors are used, 
this information shall be indicated on the 
chassis, schematic diagram, and stock list. 


EL3.5.2 


EL4. CONSTRUCTION 
PRACTICE 


EL4.1 
EL4.1.1 


General 


The use of subchassis construction is recom- 

mended. 

EL4.1.2 Subchassis which have the same function 
and rating and are electrically identical shall 

be interchangeable. 

EL4.1.3 Test points shall be brought out for checking 
essential wave forms and voltages where 

terminals are not otherwise provided. 


Test points for measuring voltages in excess 


EL4.1.4 ; 
of 1000 volts shall be provided with voltage 


dividers. 


Equipment enclosures should be designed 
and constructed to be accessible from the 


EL4.1.5 


front. 

EL4.1.6 All parts should be readily accessible for 
visual inspection and replacement. 

Drawers or other plug-in chassis shall be 
guided and locked. 


EL4.1.7 


All hardware shall be plated or of a non- 
corrodible material. 


EL4.1.8 


Lock-washers or other locking devices shall 
be used. 


EL4.1.9 


EL4.1.10 Resilient washers shall be used whenever 
plastic, phenolic, porcelain or other brittle 
materials are bolted in assembly. 


EL4.1.11 Control knobs shall be fastened by two set 
screws or other equivalent means. 


EL4.2 Metal Work 
EL4.2.1 
EL4.2.2 


EL4.2.3 


All edges and corners shall be rounded. 
Self-tapping screws shall not be used. 


Front panels shall not be secured to the 
chassis solely by circuit components. 
Devices for retaining panels and cover plates 
shall be of the captive type. 


EL4.2.4 


EL4.3 Soldering and Electrical Connections 


EL4.3.1 


A solder with a non-corrosive flux, such as 
rosin, shall be used. 
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EL4.3.2 All parts shall be “tinned” before soldering 

unless the part is specifically plated to in- 
sure a good soldered joint (e.g., “AN” type con- 
nectors having gold-plated contacts). 


EL4.3.3 All parts shall be cleaned prior to soldering. 


EL4.3.4 A minimum amount of solder shall be used 

on all connections except tubular or cup-type 
terminals. For tubular or cup-type terminals, the cav- 
ity shall be filled with solder. 


EL4.3.5 Insulation shall not be damaged by soldering. 


EL4.3.6 Components which may be damaged by heat 
when soldering shall be suitably shielded 


from the heat during the soldering operation. 


EL4.3.7 Compression-type lugs and connections may 
be used. All other connections shall be 
soldered. 


EL4.4 Interconnection Cables and Connectors 


EL4.4.1 The external covering on the cable shall be 
oil-resistant such as neoprene, polyvinyl 


chloride, or equivalent. 


EL4.4.2 When connection from the shield to both 
connector pin and the cable clamp is indi- 
cated, the shield shall be connected directly to the pin 
and the pin connected to the cable clamp by hook-up 


wire. Connection to the clamp shall be made by a lug. 


EL4.4.3 The cable clamp of the connector shall be 

clamped on the outer insulated covering of 
the cable. The cable shall be built up if necessary, to 
insure good clamping. 


EL4.4.4 Connectors and clamps shall be sufficiently 
tight to prevent damage to the connections 
during assembly and normal use. 


Connections outside of enclosures shall be 
oil tight. 


EL4.4.5 


Where cable is terminated with connector, 
cable clamp shall be used. 


EL4.4.6 


All separable connectors shall have a device 
for holding them firmly in place. 


EL4.4.7 


EL4.4.8 When more than one plug and receptacle is 
used and where interchange of plugs may 
result in injury to personnel or damage to equipment, 


they should not be interchangeable. 


EL4.4.9 The energized portion of the circuit shall be 
connected to the female end of plugs and 

receptacles. 

EL4.5 Wiring 

General purpose hook-up wire shall consist 

of stranded tinned copper not less than AWG 

No. 22, with thermoplastic insulation. 


EL4.5.1 


EL4.5.2 Shielded cable, single or multiple conductor, 

shall consist of stranded tinned copper not 
less than AWG No. 25 size for single conductor wire 
used in sub-assemblies and not less than AWG No. 22 
for all other uses. The wire or wires shall have thermo- 
plastic insulation, metallic shield, and an oil and mois- 
ture resistant covering, such as vinyl plastic. 





EL4.5.3 Special wiring, such as RGU transmission 
line cables and twin-lead, may be used when 
necessary for proper functioning of equipment. 


EL4.5.4 All conductors and multi-conductor cable used 
on industrial equipment shall have insulation 
rated at 600 volts, except for the following: 

a. The internal wiring on electronic panels shall have 
insulation adequate for the voltage on that wire. In 
no case shall insulation less than 300 volts be used. 

. Special wiring of sufficient insulating capacity to 
protect equipment and personnel shall be used when 
external wires and cables must carry an excess of 
500 volts. 

EL4.5.5 Current Carrying Capacity. The values of 

current ratings (amperes) of conductors 

given in Table I are for normal use. These values 
must be modified for special insulations and locations. 


TABLE | 
AWG wire size 


22 
20 
18 
16 
14 
12 
10 





Current rating, amp 


EL4.5.6 All wires and cables shall be secured and pro- 
tected to prevent strain on the wire termina- 
tion or fraying of the insulation. 


EL4.5.7 All connections to terminals shall be readily 
accessible. 

EL4.5.8 Wires shall be continuous and shall be sup- 

ported at their termination. 

EL4.5.9 The internal wiring of electronic equipment 

shall conform to the following color code 

which is based on the EIA code. 


This conformance shall be indicated on the schematic 
diagram and on the equipment. 





Base color Circuit 


Black Bik. 

Brown Brn. 

Red Rd. 

White-Red Wh.-Rd. 
O 


range 


Abbreviation 


Grounds, grounded elements 
Heaters or filaments, off ground 
Power supply high B+ 
Power supply low 
r. Screen grids 

Yellow Yel. Cathodes 

Green Gn Control grids 

Blue Blu. Plates 

Violet Vil. Miscellaneous 

Grey Gy. A-C power line 

White Wh. Power supply B - 


Multi-colored wires shall be indicated by two or more 
abbreviated symbols (e.g., Wh.-Rd.). The base color 
shall be the first color appearing in the series. 


EL4.6 Printed Circuits 


EL4.6.1 Plastic boards with copper laminate on one 
or both sides may be used in place of con- 


ventional wires within electronic units. 


EL4.6.2 The base material of the plastic board shall 
be grade XXXP or equivalent. 
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EL4.6.3 Plastic boards shall not be less than 1 16 
in. thick. 

EL4.6.4 Copper shall be 100 per cent International 

Annealed Copper Standard (IACS)* and no 

thinner than 2 oz per sq ft (copper 0.0027 in. thick 

EL4.6.5 Bond strength shall be not less than 700 

lb) sq in. 

EL4.6.6 Currents for 0.0027 in. thick copper shall not 

exceed values shown in Table II. 


TABLE Il 
Line width, in 





Ohms | in 


Amperes 

| 3 0.0009 

1.5 0.0018 

0.75 0.0035 
| 0.40 a... 


EL4.6.7 


Line width shall not be narrower than 1 
in. 


EL4.6.8 


Line separation shall be in accordance with 
Table III. 


TABLE Ill 





Minimum line separation, in 


Va (0.031) 
Vis (0.062) 
Le (0.125) 
0.0003 in. per volt 


Voltage * | 


0-150, incl. 

Above 150-300, incl. 
Above 300-500, incl. 
Over 500 


*Maximum peak voltage durir normal operatior 


EL4.6.9 


Sharp corners should be avoided. 


EL4.6.10 Lands shall be employed wherever compo- 
nents or external circuits are used. 


EL4.6.11 Printed circuit boards should be protected 
from deposits of conducting dust. 


EL4.7 Mounting and Clamping 


EL4.7.1 All components shall be securely mounted in 
a manner so as not to cause damage to any 


portion of the equipment nor affect its performance. 


EL4.7.2 Mounting hardware shall be designed to facil- 
itate replacement of parts and assemblies. 


EL4.7.3 All miniature tubes shall be held in place 
by shields or clamps. All other tubes not 
mounted in an upright position shall be clamped. 


Transistors shall be mounted in sockets 
where practicable. When transistors are 
mounted on heat sink or other special mounting, wires 
shall be connected to a terminal point to facilitate 
replacement. 


EL4.7.4 


Rivets and welds shall not be used to mount 
components. 


EL4.7.5 


EL4.7.6 Pilot lamp holders shall be of the bayonet 
type. Lamps shall be replaceable from front 
of panel. 


EL4.8 Identification 


EL4.8.1 All major components such as tube sockets, 
transformers, meters, potentiometers, relays 
and all adjustable components shall be identified with 
the same code as used on the diagrams. Plug-in devices 
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shall also be identified using the manufacturers’ desig- 
nation. The designation shall be placed adjacent to the 
component identified and shall be visible after as- 
sembly. 


EL4.8.2 Terminal barrier strips and terminals shall 
be identified on, or adjacent to, the barrier 
strip with the same designation that appears on the 
diagrams. 
EL4.8.3 All wires connected to the terminals shall be 
marked with the same identification that ap- 
pears on the diagram. 
EL4.8.4 All controls shall be clearly and permanently 
labeled to identify their function. 


EL4.8.5 Red warning labels or tags shall be provided 


on enclosures shielding exposed points of 
dangerously high voltages or sources of radiation or 
both. 


EL5. POWER SOURCE AND 
OVERCURRENT 
PROTECTION 


EL5.1 
EL5.1.1 


Power Source 


The power supply to the electronic equipment 
shall be obtained from a transformer with 
an isolated secondary winding. The primary of the 
transformer shall be connected to the load side of the 
main disconnect device of the equipment. 


EL5.1.2 The access door of the electronic cabinet or 
console shall be interlocked mechanically or 
electrically with the main disconnect device. 


EL5.2 
EL5.2.1 


Overcurrent Protection 


An overcurrent protective device (fuse or 
circuit breaker) shall be placed in the un- 
grounded conductor of each branch circuit. 


EL5.2.2 Dual element fuses shall be used (except 


where the delay feature does not give ade- 
quate overcurrent protection). 


EL6. GROUNDING 


EL6.1 
EL6.1.1 


Equipment Grounding 


All exposed metal parts shall be at ground 
potential. 


EL6.1.2 Where the equipment is portable and the 
power connection is by means of a plug and 
flexible cable, the plug shall be provided with a ground- 
ing pole. The grounding pole shall make connection 
before any current-carrying poles are made. The 
grounding pole connection shall not be broken until 
all current-carrying poles are broken. 


EL6.1.3 A copper or other corrosion-resistant con- 
ductor shall be used for grounding purposes. 


EL6.1.4 The size of the ground conductor shall be 
equal to the power carrying conductors to 
the equipment. 


*Reference standard for electrical resistance measurements. Published by Na 
tional Bureau of Standards, Washington, D. C. See also ASTM B193-49 


GLOSSARY 


BRANCH CIRCUIT: A branch cir- 
cuit is that portion of a wiring 
system extending beyond the final 
over-current device protecting the 
circuit. (A device not approved for 
branch-circuit protection, such as 
a thermal cutout or motor-overload 
protective device, is not considered 
as the over-current device protect- 
ing the circuit.) 


“APTIVE SCREW: Screw-type fas- 
tener that is retained, in some man- 
ner. when unscrewed and cannot 
easily be separated from the part 
it secures. 


,HASSIS: Sheet-metal box, frame, 
or simple plate on which electronic 
components and their associated 
circuitry can be mounted. 


SOMPONENT LAYOUT: The phys- 
ical position or arrangement of the 


control panel, 


ing screw. 


electric power delivered to the ap- 
paratus to which it is connected. 


HEAT SINK: A device for applying 
a cooling medium to dissipate heat 
from a heat-producing component 
such as a rectifier or transistor. 


INTERCONNECTION 
Diagram showing the connections, 
with identification, 
units in the equipment, including 

subassemblies, mo- 

tors, and other auxiliary devices. 


LUG: Device which 
crimped to the end of a wire lead 


to provide an eye or fork that can 
be placed under the head of a bind- 


OUTLINE DRAWING: Draw- 
ing showing approximate overal 
shape with no detail. : 


with each component represented 
symbolically with its value. On this 
diagram, the physical arrangement 
of the components does not neces- 
sarily agree with that of the actual 
equipment. 


SEMICONDUCTOR: A device which 
can function either as a conductor 
or a nonconductor, depending on the 
polarity of the applied voltages 
such as a rectifier or a transistor 
which has a variable conductance 
depending on the control signal 
applied. 


STANDARD COMPONENT: 
One which is regularly produced by 
some manufacturer and is carried 
in stock by one or more distributors. 


SUBCHASSIS: Chassis on which are 
mounted closely associated compo- 
nents such as the components of an 


DIAGRAM: 


between all 


is soldered or 


components in a chassis. 


‘ONNECTOR: A device which pro- 
vides electrical and/or mechanical 
junction between two cables, or be- 
tween a cable and a chassis or en- 
closure. 


CONTROL: Device or group of de- 
vices which serve to govern, in 
some pre-determined manner, the 
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PLUG-IN DEVICE: Component or 
group of components and their cir- 
cuitry which can be easily installed 
or removed from the equipment. 
Electrical connections are made by 
mating contacts which engage when 
the device is plugged in. 


SCHEMATIC DIAGRAM: A diagram 
which shows the complete circuit 
of a device, subassembly or system 


amplifier or a power supply. A sub- 
chassis is a building block, easily 
changed and usable in a variety of 
systems. 


TERMINAL: Junction point for two 
or more conductors. 


TIE POINT: A distributing point on 
circuit wiring, other than a terminal 
connection, where junctions of leads 
are made. 
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Flowmeter Servo 
for ‘‘Difficult’’ Liquids 


THE ACCURATE METERING of “difficult” 
liquids has been achieved in the design 
of a magnetic flowmeter by the Fischer 
and Porter Co., Hatboro, Pa. Typical 
of the hard-to-handle liquids to which 
the new metering system is applicable 
are slurries, paper pulp, concentrated 
acids and waste sludges. When used in 
conjunction with companion units, the 
flowmeter can provide remote indicat- 
ing. recording, controlling, or integrat- 
ing functions. 

The principle of operation of the 
flowmeter is shown in Fig. 1. The 
voltage E induced in a conductor (the 
metered fluid) of length D that is 
moving at right angles through a mag- 
netic field B is directly proportional to 
the fluid velocity V, providing the field 
strength and the conductor length re- 
main constant. In this case the con- 
ductor length is the diameter of the 


: 
e) 
0 
: Q 
B 0 


O 
ontinuous 
calibration 


tment [A 
adjustment 


Flux 


a“ 
Reference 
slidewire 





measuring pipe and therefore does not 
change. 

The voltage can be expressed by the 
equation: 


E = . BVD 
G 
where C is a dimensionless constant. Sub- 
stituting V = 0/A = 4Q0/7rD* (where Q is 
the volumetric rate of flow) in the voltage 
equation, 
10 


‘ ] f 
= ¢BD xD? 


This equation can be solved for Q. 


0-(ofn)f 


Q = KE 


In the flowmeter, the field is supplied 
by an electromagnet with specially- 
designed coils which produce a uniform 
field, insuring an output consistent with 
the equations regardless of velocity 
profile. The signal generated in the 
meter is kept independent of variations 
in line voltage and frequency by the 
feedback loop shown in the figure. In 


15v ac 
60 cycles 


O_O 








Continuous 


gain 
adjustment 








rebalancing 











network 








+ 


Servo 
amplifier 








Fig. 1—Schematic diagram of Fischer and Porter magnetic flowmeter showing servo 
system which compensates for the variations in field. 
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the flux rebalancing network, the signal 
is compared to a _ reference voltage 
which is directly and continuously pro- 
portional to the flux induced in the 
Any difference between the 
signal and the reference is used as an 
error signal to be amplified and applied 
to a servo motor to reposition the meter 


meter. 


indicator (or provide some other func- 
tion). 

A major feature of the flux rebal- 
ancing network is a manual range ad- 
justment which permits the setting of 
any required maximum flow value. A 
gain adjustment is also included in the 
amplifier in addition to a manual 
“signal smoothing” adjustment which 
permits stabilization of the indication. 
The flowmeter has accuracies for scales 
of 0-3 ft per sec and above of 
cent of full scale; and for 0-3 ft per 
sec and below, 1 to 3 per cent of full 
scale with a repeatability of % per cent 
of full scale. O00 


1 per 


Comparison of 
Drive-Regulator 
a Basic Types 


D-C Motor and Generator Department 
GENERAL Exectric Co. 
Erie, Pa. 


TO OBTAIN MAXIMUM MACHINE OUT- 
put, d-c electrical drives are regulated 
to provide accurate control of speed, 
tension or torque. Typical of functions 
benefiting from regulation are constant 
cutting speed on a machine tool, web 
tension on a winding reel and rapid 
acceleration and deceleration on a 
duty-cycle operation. To provide accu- 
rate drive control, magnetic, rotating, 
or electronic regulating systems can be 
used. Any of these three regulating 
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systems can be obtained in varying 
degrees of accuracy. For extremely 
accurate speed-regulated systems, addi- 
tional stages of amplification may be 
added to electronic regulators while 
pre-amplifiers may be added to the 
magnetic or rotating-amplifier regula- 
tors. For practically all applications, 
any of the three regulators can be 
used. The regulator chosen will depend 
largely on such factors as maintenance, 
reliability and cost. 

One factor of great importance from 
the economic standpoint in making a 
choice is the characteristics of the 
regulator itself. Only the 
amplifier can provide full reverse out- 
put without additional 
Where rapid reversal of a drive is 
required, the rotating amplifier gener- 
ally has an economic advantage. Where 
maximum reliability and low mainte- 
nance are the main requirements, the 
static magnetic amplifier is a logical 
choice. For extremely high accuracy 
systems, the low power drain and the 
high gain of electronic tubes give the 
electronic regulator an inherent eco- 


rotating 


components, 


nomic advantage. Standard magnetic 
and electronic amplifiers can be used 
on either 60 or 50 cycle a-c. For com- 
parison purposes, the magnetic and ro- 
tating amplifiers are assumed here to 
be single-stage amplifiers without any 
form of preamplification. The elec- 
tronic regulator is assumed to be a 
moderate-gain electronic amplifier con- 


trolling the output of a thyratron rec- 
tifier. 

The basic magnetic amplifier con- 
sists of a saturable reactor, metallic 
rectifiers, resistors and _ capacitors. 
Since all are static components, main- 
tenance is very low. With the develop- 
ment of silicon rectifiers, maintenance 
has been reduced even further. Because 
of their non-aging properties, ability to 
withstand high peak inverse voltages 
and ambient temperatures, silicon rec- 
tifiers have an extremely long life 
where properly applied. In addition, 
they have the advantage of smaller 
size. 

As a result of their reliability and 
low maintenance requirements, mag- 
netic amplifiers have gained rapidly 
in acceptance. Normally, the compo- 
magnetic amplifiers are 
mounted and wired by the manufac- 
turer. In addition, they can be obtained 
as packaged components so that an 
entire amplifier can be replaced as a 
unit. 

The gain of the magnetic amplifier 
is termed moderate but is satisfactory 
for most applications. For systems re- 
quiring extreme accuracy, such as 
paper-machine drives, additional gain 
can be obtained by adding magnetic, 
transistor or electronic pre-amplifiers. 
The speed of response of the magnetic 


nents of 


amplifier is also considered to be 
moderate, but is satisfactory in most 


applications. Where extremely fast 


Comparison of Moderate Gain Regulators 


regulator response time is required, 
the speed may be increased by adding 
a high-response amplifier to increase 
the power input to a magnetic ampli- 
fier. Like the electronic regulator, the 
output voltage of the magnetic ampli- 
fier is non-reversing. Where a slow 
reversing speed is required, it can be 
obtained by modification of standard 
regulator circuits. Where full-speed 
reversing is required, two magnetic 
amplifiers or reversing contactors must 
be used. 

The output of the magnetic amplifier 
may be controlled by several independ- 
ent control fields. Since these control 
fields have independent leads, signals 
used for controlling the regulator can 
easily be isolated to give better re- 
liability. The signal input to the mag- 
netic amplifier is in milliamperes and 
amplifier impedance is comparatively 
low. Like the electronic regulator, the 
magnetic amplifier is sensitive to a-c 
voltage variations. Frequency varia- 
tions will also have some effects, al- 
though these can be made negligible 
by increasing the gain of the system. 
The approximate minimum standard 
rating of magnetic amplifiers is one 
volt-ampere output. In general, smaller 
ratings are used for  pre-amplifiers 
when used either for other magnetic 
amplifiers or for rotating amplifiers. 

In some applications it is desirable 
to keep the load on the reference and 
tachometer feedback signal as low as 





Type 


Magnetic amplifier 


Rotating amplifier 


Electronic amplifier 





Maintenance 


Very low 


Brushes, bearings, 
commutators 


(can be planned) 


Tube life unpredictable 





Resistance to shock and 
vibration 


Good 





Affected by supply voltage Yes* 
variation 


No 





Response 


Moderate* 


Moderate* 


Can be fast 





Signal power voltage 


Millivolts 


Volts 


Volts 





Impedance 


Low 


High 





Signal isolation Yes 


Yes 


No* 





Amplifier mounting 


Normally mounted and 
wired by factory on 
control panel 


Larger sizes normally 
mounted by customer 


Normally mounted and 
wired by factory on 
control panel 





Supply frequency 


50-cycle minimum* 


All 


50-cycle minimum* 





Output 


Non-reversing* 


Reversing 


Non-reversing* 





Space 





Small 





Larger 





Small 





*Note. The gain of any of the basic types of regulators can be increased by the use of additional stages, which can also minimize or 


eliminate the limitations noted. 
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possible, and high impedance input 
electronic amplifiers or pre-amplifiers 
are commonly used. By adding addi- 
tional components to a moderate gain 
electronic amplifier, extremely accu- 
rate systems can be obtained. Since the 
time constants involved in electronic 
regulators are very small, the speed 
of response can be fast. 

Thyratron rectifier tubes generally 
used in electronic regulators have a 
nonreversing output characteristic. 
Where reversing operation of a ma- 
chine is required, therefore, it is nec- 
essary to supply two regulators or to 
contactors. Since the 
tube filaments are supplied directly 
from the a-c voltage. the output of an 
electronic regulator is affected by sup- 
ply voltage variations. These can be 
made negligible by the addition of a 
constant voltage transformer or by in- 
creasing the gain of the system. Supply 
frequency variations have no appreci- 
able effect on the usual electronic 
regulator. 

Electronic regulators are available 
in a variety of sizes. Since cost of these 
regulators within a given range of 
sizes varies very little with size. regu- 
lators with less than approximately 3 
amp rectified output are not generally 
used for regulated d-c drives. Main- 
tenance required for electronic regula- 
tors is largely in replacement of 
electronic tubes. Although the life ex- 
pectancy of tubes is somewhat unpre- 
dictable. unplanned shutdowns can be 
kept to a minimum by periodic tube 
replacement. Some electronic regulator 


use reversing 


users have also instituted a pre-testing 
and aging (pre-conditioning) of tubes. 
Although not resistant to extreme 
shock or vibration, the shock and vi- 
bration normally 
units are installed has very little effect 
on electronic regulator operation. 
Like the d-c generator it may con- 
trol, a rotating amplifier output voltage 
can be reversed. A_ single rotating 
amplifier can be used to control d-c 
motor speed from full-speed forward 
to full-speed reverse. Since it is essen- 
tially a high gain d-c generator, a 
rotating amplifier can absorb the en- 
ergy stored in the d-c generator field 
and will allow the d-c generator 
voltage to decrease rapidly. For this 
reason, the rotating amplifier is ad- 
vantageous where the drive must be 
stopped or reversed rapidly, as on a 
duty cycle operation. The amplification 
of a rotating amplifier is considered to 
be moderate. By adding an electronic 
or magnetic pre-amplifier, the gain of 
the system can be made very high. The 
speed of response of a rotating-ampli- 
fier regulated drive is termed moderate, 
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found where these’ 


but can be made fast by the use of pre- 
amplifiers. 

In the Amplidyne, the rotating am- 
plifier developed by the General Elec- 
tric Co., the signal power input is in 
milliamperes. It has a comparatively 
low impedance input and, by using 
the various fields of the Amplidyne. 
the signal power can be isolated from 
other sources of power to help mini- 
mize maintenance. 

Since the speed of an a-c motor 
varies very little with a-c voltage fluc- 
tuations, the output from a rotating 
amplifier will vary very little with 
supply voltage variations. It is, how- 
ever, somewhat affected by supply 
frequency variations, since the a-c 
motor speed changes with frequency. 
This effect can be minimized by in- 
creasing the gain of the system. The 
minimum size of Amplidynes is ap- 
proximately 500 watts, but the smallest 
size normally furnished is 1.5 kw. 
Maintenance for rotating amplifiers in- 
volves brushes. commutators and bear- 
ings and can be anticipated. Since it 
is the same type of maintenance as 
that required for d-c generators and 
motors, it adds nothing new to equip- 
ment maintenance. The rotating ampli- 
fier motor-generator set is resistant to 
shock and vibrations. O00 


Powdered Epoxy 
Permits 
1-Dip Coatings 


CLADDING A PANCAKE ARMATURE with 
a new epoxy fusion bond finish has re- 
duced insulation costs by more than 65 
per cent. The pancake armature is used 
in a series field motor assembly pro- 
duced by the Whittaker Controls Di- 
vision of Telecomputing Corporation 
at their Lynwood, California plant. The 
new Corvel epoxy cladding material is 
a powder especially made for applica- 
tion in the Whirlclad process, a tech- 


Pancake armature on left is clad with 
fundamental l-step dipping procedure in 
the Whirlclad finishing process. Finished 
armature is at right, completely wound 
and varnished. 





Tungsten Screen Increases Lamp Life 


A TUNGSTEN SCREEN placed between the filament and the glass on this new 10,000- 
watt General Electric lamp is responsible for increasing its light output 16 per cent 
and its life span 50 per cent. Unit at left is new while that at right has been burned 
for 75 hours. Blackening has been held to minimum and blistering is almost imper- 
ceptible. Formerly, tungsten evaporating from the high-temperature filament collected 
on the inner surface of the bulb and formed a heat trap which raised the temperature 
of the glass to the point where it became soft enough to form blisters. In the new 
lamp, the protective screen traps the evaporated tungsten before it can reach 


the glass. Lamp is for spotlights in television and motion picture studios. 


O00 
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REGULATION 
and 
STABILITY 


Rack Adapter 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED Model SC-18-4-M 





tf VOLTAGE REGULATED 
POWER SUPPLIES 





OUTPUT | OUTPUT | OUTPUT 
MODEL VOLTS |AMPERES|IMPEDANCE PRICE 


oc OC | inc _| 100K 0 
Bsc-18-05 | 0-18 | 0-0.5|.04| .4 | 8%"|4¥%6"|1356"|$225.00 
Bsc-18-1 | 0-18 | 0-1 |.02| 2 "|4¥e"|1356"| 275.00 


eae 0-18 | 0-2 |.01| 1 "| 4Y—"|1356"| 325.00 

















SC-18-4 0-18 | 0-4 |.005| .05] 19” |3%"[13" | 450.00 
BSC-36-0.5 | 0-36 | 0-0.5|.08| .8 "|4¥0"| 135¢"| 275.00 
SC- 36-1 0-36| 0-1 |.04| 4 "|4¥e"| 1356"| 325.00 
SC- 36-2 0-36 | 0-2 |.02] .2 | 19” |3¥"|13" | 465.00 
$C-3672-0.5| 36-72 | 0-0.5 | .15 | 1. "| 4¥e"|1356"| 350.00 


$C-3672-1 | 36-72 O-1 |.08] . P 2113” 595.00 
PPE a BEEN 















































Patent Pending 


A 0.01% SERIES 1S AVAILABLE IN 13 NEW MODELS 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED © 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 

SEND FOR BROCHURE B-585 


KEPCO 


LABORATORIES, INC. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1-7000 


AUGUST 1958 Circle 140 on page 17 


Model SC-18-2-M 


*Two units mounted in 


RA-2 


REGULATION (for line or load) 0.1% or 0.003 Volts 
(whichever is greater) 


RIPPLE: 1 mv. rms. 
RECOVERY TIME 50 microseconds 


STABILITY (for 8 hours) 0.1% or 0.003 Volts 
(whichever is greater) 


TEMPERATURE COEFFICIENT 0.05% per °C. Am- 
bient operating temperature 50°C maximum. Over- 
temperature protection included. Unit turns off when 
over-temperature occurs. 

SHORT CIRCUIT PROTECTION: NO FUSES CIRCUIT 
BREAKERS OR RELAYS! Designed to operate con- 
tinuously into a short circuit. Returns instantly to 
operating voltage when overload is removed. Ideal for 
lighting lamps and charging capacitive loads. 

OVER CURRENT CONTROL can be set from 0 to 
120% of full load. 

REMOTE PROGRAMMING at 1000 ohms per voit. 
REMOTE ERROR SIGNAL SENSING to maintain 
stated regulation directly at load. 

Suitable for square wave pulsed loading. 
Continuously variable output voltage without 
switching. 

Either positive or-negative.can-be grounded. 

Units can be series connected. 

Power requirements: 105-125 volts, 50-65 cycles. 
400 cycle units available. 

Terminations on front and rear of unit. 

High efficiency. Low heat dissipation. 

Compact, light weight for bench or rack use. 

Color: grey hammertone. 


ORDERING INFORMATION: 


Units without meters use model numbers indicated in 
table. To include meters add M to the Model No. (e.g. 
SC-18-1-M) and add $30.00 to price. 


*Rack adapter for mounting any two 84” x 4%” units is 
available. Model No. RA2 is 5%”h x 19”w.is $15.00 
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nique for cladding metals with plastics. 
In the Whittaker application the arma- 
tures are preheated and dipped into a 
fluidized bed of dry epoxy powders 
which bond by fusion to form the sur- 
face finish. 

Whittaker 
armatures in a conventional seven-step 
utilizing a fishpaper disk 
washer and strip. cement binders. coat- 
ings of plaster of Paris and a final 
varnish coating. The insulated arma- 
ture then required full testing before as 
well as after winding, including dielec- 
tric testing at 1200 volts for 1 min, 
—50 F to +300 F temperature testing, 


previously insulated the 


process 


and humidity, salt spray and fungus 
immersion tests. 

The Polymer Corporation of Santa 
Ana, Calif.. a Whirlclad process licen- 
see, now clads the Whittaker armature 
with a fundamentally one-step dipping 
procedure. With proper surface prepa- 
ration of the part and a predetermined 
operational and curing cycle, the 
Corvel epoxy powders form a centinu- 
ously bonded 0.007-in. film over the 
entire surface of the preheated arma- 
ture, including sharp edges and projec- 
tions. This uniformity of coverage is 
the key to obtaining the required insu- 
lating quality at a much lower cost, 
since the previously used resins tend 
to run from edges and corners. 

With a dielectric strength of 1100 
volts per mil thickness, the 7-mil epoxy 


cladding has a total dielectric strength 
of approximately 7700 volts. Due to the 
uniformity and high dielectric safety 
factor, only 10 per cent of the finished 
parts need be tested for dielectric 
qualities. Final tests on the wound 
armature show a rejection rate of less 
than one tenth that experienced with 
the armature insulated by the previous 
seven-step method. 

The new production method for clad- 
ding metals by using a fluidized bed of 
powders was developed in Germany. 
Polymer Processes, Inc. of Reading, 
Penna. has obtained exclusive patent 
and licensing rights in the United 
States and Canada. Besides epoxies, 
Corvel finishing powders are also avail- 
able in cellulosics, nylon, polyethylene 
and K-51 (polyether) resins. O00 











Fig. 1 


New Cleaning Unit 
Utilizes 
Aluminum Die Castings 


A NEW HOME CLEANING UNIT, produced 
by Interstate Precision Products Cor- 
poration, Anaheim, California, utilizes 
the physical and economic advantages 
of the die-casting process. 

The compact vacuum cleaner is com- 
pletely housed within three aluminum 
die castings, namely the upper housing, 
chassis and turbine. The complete unit 
weighs only 111% lb, including a 1-hp 
heavy-duty motor. 

The decision to use aluminum die 
castings for the principal assembly com- 
ponents was based on the ability to 
achieve extremely complex shapes. 
thereby minimizing the number of parts 
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Die cast aluminum vacuum cleaner completely assem- 
bled. Source: Interstate Precision Products Corporation. 


and the number of secondary operations 
required. The elimination of excess 
weight as a result of the thin-wall 
section design was another selection 
factor. 

Although the die castings, as cast, are 
virtually ready for painting and assem- 
bly, careful analysis reveals that pierc- 
ing of the air louvers after casting is 
more economical than coring during 
casting, which would result in a slower 
casting cycle. 

All sixteen louvers are pierced in a 
single punching operation. This is a 
delicate procedure because of the ex- 
tremely thin cast walls and the fact 
that the louvers are so closely spaced. 
Not only is special tooling required for 
punching, but the castings must be ab- 
solutely sound to avoid cracking or 
chipping. For this reason the utmost in 
quality control is necessary in pro- 
duction of the castings. 000 


Fig. 2—Three aluminum die castings that house the lightweight 
vacuum cleaner, Castings are unfinished, in the cast condition. 


New Reflective Surface 
Improves Efficiency 
of Lighting System 


A NEW REFLECTIVE, corrosion-resistant 
aluminum sheet called Dynasil alum- 
inum, developed by W. J. Ruscoe Com- 
pany, Akron, Ohio, has been designed 
into a very high output lighting sys- 
tem engineered jointly by Sylvania 
Electric Products, Inc., and the Civil 
Aeronautics Administration. 

This electrical system floods a 1400- 
ft strip of aircraft runway  fluor- 
escent light. Using a very-high-output 
fluorescent lamp, each of the 272 fix- 
tures in the system has a reflective 
surface made of Dynasil. This material, 
furnished in long blanks ready for 
forming, owes its high reflectivity to 
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wits GUARDIAN 
ON-OFF LATCHING RELAYS 








Design Engineers are highly enthusiastic about the positive impulse control 
performance of this ON-OFF Latching Relay by Guardian. It is ideally suited 
to positioning devices, T-V remote controls, appliances, lighting controls and 
applications requiring positive ON-OFF impulse control. Special armature 
toggle spring reverses position of cam actuator either to open, close, or transfer 
the snap-action switch. Unit utilizes power only on impulse or coil energiza- 
tion. Replaces costlier ratchet relays, conserves power, saves space, cuts 
costs, increases the salability of your product. 


Thousands of Variations in Guardian’s Complete Stepper Line 


6 
4 . : , 
H ) 
ELECTRICAL ba : ELECTRICAL RESET Pc. M-120 ° R.AS. 
STEPPER MIDGET STEPPER CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT 
STEPPER MIDGET STEPPER STEPPER 


Wrile for details on Guardian’s ON-OFF Relay and for Stepper Bulletin P-84 


GUARDIAN LG] ELECTRIC 


MANUFACTURING COMPANY 
27-| W. WALNUT STREET, CHICAGO 12, ILLINOIS. 
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a special weatherable Du Pont Mylar 
polyester film. The film is first vac- 
uum-metallized with a thin layer of 
aluminum and then laminated to clean 
mill-finish aluminum. Ordinarily the 
sheet can be easily formed after the 
reflective surface is applied, with no 
additional treatment needed. However. 
in this lighting application an enamel 
finish is applied to the outer surface. 

The Dynasil reflective sheet is de- 
scribed as being easily and cheaply 
produced. with a long service life 
being indicated. 

Several lighting applications where 
controlled essential in 
corrosive or normal atmospheres are 
now in development by leading manu- 
facturers of lighting equipment. O O C 


reflectivity is 


Special Oil Used 
in Testing 
Super-Power Klystrons 


JOSEPH D. BIANCO 
Project Engineer 
Errec-McCuttoven, Inc. 
San Bruno, Calif. 
WITH THE DEVELOPMENT of such super- 
klystrons as the X626, the 
problem of adequate testing posed 
several technical difficulties because 
of the size and power levels. This 
electron tube, shown in Fig. 1, is close 
to 11 ft long and weighs about 600 
lb. The largest klystron ever produced, 
it can generate 100.000 watts of 
average r-f power and more than 
1.000.000 watts of peak pulse power. 
To properly test this klystron, which 
requires about 2 amp of average beam 
current at 120 ky d-c. two separate 
high-voltage d-c supplies were in- 
stalled in a separate power supply 
house. They are sufficiently well in- 
sulated so that they can be used for 
over-voltage testing of these klystrons. 
One power supply develops 120 kv d-c 
at 2 amp; the second, 120 kv at 4 amp. 


power 


These can, be, connected. in_ series .to. 


produce 240 ky d-c at 2 amp. Voltage 
output can be varied continuously from 
15.000 to 240,000 . volts, the power 
being supplied to any of five test 
areas. 

In the testing area there are five 
pits filled with a special inhibited 
electrical insulating oil. These pits are 
ted from two tanks with a combined 
capacity of close to 10,000 gal. The 
klystron is mounted vertically in any 
of these pits with its gun immersed in 
the oil. Each pit is fed with high volt- 
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Fig. 1—One of Eimac’s super-power klystrons, the X626, being lowered into circuitry 


in the Eimac high-voltage laboratory. 


_age. via underground cables . running 


through a selector switch to the power 
supply house. The filament heating 
supply for the klystron and the larger 
part of the modulator unit are im- 
mersed in the oil tank close to the 
klystron gun. (See Fig. 2.) 

The testing assembly includes three 
remotely controlled resonant cavities 
and the magnetic focusing 
Power is taken from the output cavity 
through a variable load coupling de- 


system. 


vice to a horizontal waveguide water 
load. Before power is applied, the en- 


tire assembly is surrounded by lead 
shielding and operation is handled at 
a remote panel. A_ drive 
signal is derived from an Eimac X564D 
klystron capable of delivering 10 kw 
of peak power. This driver unit has 
its own power supply, modulator, mag- 
netic circuitry, and r-f section plus a 
small oscillator where the fundamen- 
tal r-f is generated. 

The actual testing of klystrons of 
this size and capacity could 
Lave been accomplished without the 
insulating medium offered by a special 


control 


never 
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When You Need Reliable Control 


of Intermittent Operations... 


140 
CONTACT i N 
COIL - 115V. SR GOCY 
% ac. Load 
Wamp. 115¥. 6OCY. 


Set up your requirements for the perfect relay to 

“police” a particular job—and beyond doubt you'll 

find yourself with this list of Adlake features: 

e Perfect snap-action—no burning, pitting or sticking 
you need @ No intrusion of dust, dirt or moisture—hermeti- 


cally sealed at the factory 


e@ Time delay characteristics fixed and non-adjust- 
able 


e Quiet. Chatterless. Require no maintenance what- 
“a ever 

Our engineers will gladly help you with your control 

problems. No obligation. Just write the original and 

largest maker of plunger-type relays—The Adams & 


Westlake Company, 1168 N. Michigan, Elkhart, 
relays Indiana +» New York « Chicago 


The Ada ms & Westlake Company 


new york ELKHART, INDIANA  cnHicaco 
Established 1857 


THE ADAMS & WESTLAKE CO 
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oil; also, the total amount of physical 
space required to handle the high 
voltages in the test units without such 
an oil would have proved to be an 
insurmountable problem. For these and 
other reasons Diala Oil AX* was 
selected. This oil has high dielectric 
strength and low viscosity; its low 
volatility reduces evaporation loss and 
its special oxidation inhibitor assures 
optimum stability; it also prevents 
the physical contact of air or atmos- 
spheric gases with the components 
and helps to cool the rectifier tubes 
in the power supply tank. The oil’s 
insulating properties enable it to carry 
away the heat generated in the kly- 
stron electron gun to some radiating 
surface. 

To insure eptimum oil condition, a 
blotter type oil filtratien system was 
installed. All oil being transferred 
from one location to another must 
pass through this system. Oil goes 
from an outside storage tank through 
the filter system and into the test tank. 
When testing is completed, the oil is 
moved back to the storage tank. In 
order to take full advantage of Diala’s 
high dielectric properties, a 
watch is maintained on_ the 
system. 

The blotter filter press, Fig. 
3, is capable of extracting most of the 
moisture present in the oil, with 
change of filter papers after every 5 
hr of use. Moisture enters the oil at 
those places where it is exposed to the 
atmosphere. The oil used in this ap- 
plication has to be much drier than 
the normal saturation limit of water 
ir oil. At the time of manufacture the 
dry oil has a dielectric strength of 
about 35 kv. This means that two 1-in. 
diam electrodes 0.1 in. apart immersed 
in the oil can differ by a potential 
of 35,000 volts without arcing. 


close 


filter 


The oil filtering system is also used 
to remove pieces of components which 
break down because of the high volt- 
ages involved, plus any carbon caused 
by arcing. The filter is capable of re- 
moving most of the water present in 
the system down to the level that pro- 
vides the high dielectric strength 
needed in the testing of the super 
klystrons. Even a small percentage of 
water in the oil could cause trouble. 
About 1/100th of 1 per cent of water 
is readily soluble in oils of this type, 
and the entrance of this tiny amount 
may drop the dielectric strength of 
the oil down to about 20 kv as com- 
pared with the original 35 kv. In the 
test units it is extremely important 
that even this small amount of water 
be removed. 


* Reg. Trademark of Shell Oi] Ca. 
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Fig. 2—One of the five test pits filled 
with Shell Diala Oil AX showing some 
of the high voltage modulating circuitry. 
Gun end of the super-klystron is im- 
mersed in this same tank through an 
adjacent opening. 


Fa 

Fig. 3—All of the inhibited electrical 
insulating oil moved from one spot to 
another passes through the oil filtration 
system. Here, filter papers are being 
changed. 


The two high-voltage power sup- 
plies permit the use of two separate 
klystron 
ously. The high voltage is brought into 
a mechanically operated switch tank 
which holds about 800 gal of the in- 
sulating oil. An elaborate interlock sys- 
tem, both mechanical and electrical, 
keeps track of where this voltage goes 
and ensures that all 
clear of high-voltage equipment before 
power is turned on. On each test tank 
there is a key which locks the lid of 
the tank. This same key is used to 
release the roter arm on the high- 
voltage switch. The key stays locked 
in this position until a separate key 
can be removed and installed in the 
a-c primary power panel so that this 
power can be turned on. 

An elaborate control panel permits 
all of the electrical parameters of the 
klystron to be controlled from one re- 


testing positions simultane- 


personnel are 


mote position. Here, engineers can 
control and adjust the power supply. 
as well as tune the klystrons being 
tested through the use of a series of 
servomechanisms. At the same time 
they can monitor all test data. 
After every klystron is tested, the 
complete tuning data and the condi- 
tions under which the klystron was op- 
erated are recorded in duplicate on 


test cards. One of these test cards is 
kept on permanent file and the other 
is shipped with the klystron for the 
information of the transmitter operator. 


Zinc Die-Cast Gear Case 
Holds Close Tolerances 


VERY CLOSE DIMENSIONAL TOLERANCE 
requirements in production of a gear 
case for a 16-in. oscillating fan have 
been solved by The Emerson Electrie 
Mfg. Co., St. Louis. Missouri. through 
use of a zinc die-casting. 

In this case, motion from an electric 
drive motor is transmitted to the fan 
blades through a gear mechanism that 
consists of two worms and a spur 
gear. This imposes an extremely close 
dimensional tolerance requirement. For 
optimum alignment and highest drive 
efficiency, the holes for the motor shaft. 
worm shaft and oscillating drive shaft 
must be held to 0.0005 in. This un- 
usually handled 
effectively by die-casting the part from 
zie. 

The ability of zinc to meet the high 
demands of close dimensioning, in the 
cast condition, eliminated the need 
for secondary machining operations. 
thereby cutting costs to a minimum. 
This high precision in casting was 
accomplished despite the functional 
design requirement that cores’ be 
pulled in three directions, at right 
angles to each other. OO0OO 


close tolerance is 


Zine die-casting for oscillating fan gear 
ease. Holes for motor shaft, worm shaft 
and oscillating drive shaft are held to 
+ 0.0005 in. Source: American Zine In- 
stitute. 
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Combine your motor and speed reducer in one unit 
Save space ... eliminate cumbersome belts, chains, gears 
Reduce design and installation time 


with BODINE 
SPEED REDUCER MOTORS 


Bodine manufactures the world’s most complete line of speed reducer motors 
in the sub-fractional horsepower range. Speeds down to 0.6 rpm. Torques 
up to 350 in. Ibs. Here's part of the Bodine Speed Reducer Motor line: 


Ss 


... Single or double reduction reducer for trans- 
mitting low torques over a wide range of speeds. 
The worm is of long wearing nitralloy steel (ex- 
cept for low-powered V-10R and NSP-11R); 
the gear of laminated bokelite, giving quietness 
and durability. Motor shaft equipped with ball 
or sleeve bearings. Speeds from 833 to 1.5 rpm. 
Torques 12.8 in. oz. to 8 in. Ibs. 


.. single reduction, right angle worm gear re- 
ducer designed for transmitting moderate torques, 
Separable hardened and ground steel worm. 
driven by keyway on end. Laminated bakelite 
gear on steel hub gives maximum wear and quiet- 
ness. Speeds from 500 to 29 rpm. Torques 4.5 


to 21 in. Ibs. 


... Sturdy, single reduction, right angle worm 
gear reducer, capable of transmitting substantial 
torques. It has a separable hardened and ground 
steel worm. Gears of laminated bakelite or hard 
gear bronze, depending on torque delivered. 
Grease is used with all bakelite gears; oil with 
bronze gears. Speeds from 500 to 29 rpm. 
Torques 11 to 73 in. Ibs. 


Re: 


... double-worm-gear speed reducer to deliver 
moderate torques at low speeds. Both primary 
and secondary worms are of nitralloy steel. Lami- 
nated bakelite primary gear assures long wear 
and quietness; the hard bronze secondary gear 
carries substantial torque loads. Speeds from 83 
to 1.6 rpm. Torques 13 to 52 in. Ibs. 


= 


... double worm gear reducer for transmitting 
high torques at low speeds. Worms accurately 
ground from hardened steel; bakelite primary 
gear assures quietness; hard bronze secondary 
gear provides long life. Speeds from 24 to 5.7 
rpm. Torques 88 to 219 in. Ibs. 


... heavy duty reducer for driving heavy loads 
continuously with an ample reserve for overloads. 
Separable steel worms are hardened and ground 
to size. Gear bronze, selected for strength, is cut 


by special hobs to close tolerances. Speeds from 
173 to 36 rpm. Torques 50 to 198 in. Ibs. 


Write tor technical bulletin 10228. Twelve pages of facts and figures 
... 33 photos, drawings, curves, and tables fell the complete story of 
Bodine Worm Gear Speed Reducer Motors. For details of smaller 
Bodine spur-geor speed reducer motors, ask for bulletin 1023. 


BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12 
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How to make 
motors last 
longer 


Fractional horsepower 
electric motors, given 
proper maintenance, will 
operate without trouble 
for long periods of time. 
Here are a few mainte- 
nance suggestions: 


Check internal switches. 
While internal switches 
usually give little trouble, 
regular attention will 
make them last even 
longer. Use fine sandpaper 
to clean contacts. Be sure 
sliding member on shaft 
moves freely. Check for 
loose screws. 


Watch alignment. A motor 
shaft which is out of line 
with its load will cause 
the shaft and bearing to 
wear rapidly, sometimes 
damaging the driven ma- 
chine. 


Provide adequate wiring. 
Be sure that wire of prop- 
er size is used to feed elec- 
trical power to your 
motor. If necessary re- 
place wire. It will prevent 
overheating, reduce your 
electric power cost, and 
in many instances prevent 
future breakdown. 


Provide adequate lubrica- 
tion. Remember, a motor 
running three times as 
much as usual will need 
three times as much at- 
tention to lubrication. 
Provide enough oil, but 
don’t drown your motor. 
See manufacturer’s rec- 
ommendations. 

Watch future Bodine 
ads for more maintenance 
tips. 


Free chart tells 
how to locate 
motor troubles 


“Common Motor Trou- 
bles and Their Causes’’ is 
the title of a 1-page bulle- 
tin and chart which will 
help you diagnose ail- 
ments of small motors. It 
lists troubles and proba- 
ble causes. Copies are 
available on request. 
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Components 


and Materials 


1 staff compilation of the latest developments . 
design-in use in electrically operated end products 


screened for 
complete 
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MULTI-MILLION CYCLE 
MINIATURE SOLENOIDS 


Known as series 01 and 02, solenoids 
use silicon steel field and plunger 
assemblies to prevent residual magnet- 
ism and to lower eddy current and 
hysteresis losses: heat treated bery!l- 
lium copper plunger guides and shad- 
silver brazed into field 
for quiet hold and longer 


ing coils, 
assembly 
service. Also feature a 30 sec coil 
change. 

Decco 01 produces 1%4 Ib 
force at 1% in. stroke. Quiet hold at 
454 lb force. Decco 02 series produces 
234 Ib force at % in. stroke. Quiet 
hold at 51% lb force. Both series avail- 
able in push or pull models, vertical 
mounting. Detroit Coil 


> 501 


series 


or horizontal 


Co.. Ferndale, Mich. 


SUBMINIATURE SOLID 
TANTALUM CAPACITOR 
S-T-A 


electrolyte, has been 


capacitor contains no liquid 
redesigned to 
smaller sizes. Illustration shows new 
capacitor of 100 Series, rated at 1.0 
uf. 35 volts d-c working. contrasted 
with 2 earlier models of same rating. 


Length (excluding leads) 0.250 in.: 
diameter 0.175 in. Size reduced 61 per 
cent compared with previous type. 
Leakage current at 25 C does not 
exceed 3 ywamp. or 0.03 pamp per 
microfarad per” volt, whichever is 
Leakage at 85 C does not 
exceed 8 times the 25 C value. Capaci- 
tance at 120 cycles does not change 
from 25 C capacitance by more than 


larger. 


10 per cent at —55 C +15 per 
cent at 85 C, 

\vailable in 20 ratings among 4 
ranging from 1.0 wf at 35 
volts d-c to 70 pf at 10 volts d-c. Fan- 
steel Metallurgical Corp.. No. Chicago, 
Ill. >502 


case sizes, 


CERAMIC REFLEX 
KLYSTRONS 


Designated 1K125C 
ceramic-metal tubes cover frequency 
range of 3700 to 5000 me. Capable of 
output powers to 2.3 w, are suitable 
for reliable broadband 
communications use. 


series, these 


point-to-point 


Tubes are tuned by adjustable di- 
electric slug, rather than a variable 
r-f gap, thus minimizing sensitivity to 
shock and vibration. Higher tempera- 
ture ratings possible by use of ceram- 
ics; an integral-finned cooler keeps 
cooling requirements at minimum. 
Eitel-McCullough, Inc., 798 San Mateo 


Ave.. San Bruno, Calif. > 503 


STRIPPER FOR EPOXY 
COATINGS 


Non-flammable cold 
for epoxy 


solvent stripper 
enamels known as enamel 
stripper S-16 is designed to strip many 
of the newer epoxy resins. 

Items being stripped are immersed 
in stripper at room temperature. Epoxy 
enamel is rapidly wrinkled and de- 
tached from base metal, whereupon it 
falls to bottom of stripping tank o1 
may be flushed off. There is no attack 
of commonly used base metals such as 
steel, aluminum, copper and brass in 
short times usually required for com- 
plete stripping. Enthone. Inc., 442 Elm 
St.. New Haven. Conn. >504 


TOROIDAL CORES 


Color-coded Genalex cores are avail- 
able in 5 standard ranges of permeabil- 
ities: 14, 26, 60, 125 and 140. Available 
in 7 standard sizes from 0.500 in. OD 
to 1.350 in. OD. Every core is marked 
with its exact effective winding perme- 
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Give your design the advantages of 


SV MCHROLS ruminGc MOTORS 
ars ADILTCY 


Adaptability 
Power-packed SYNCHRON Timing Motors are midget-sized to 
fit extremely close places. Adaptable to powering timing machines, 


action signs. recording thermometers, switches, heating and air 


conditioning devices. 


Dependability 
SYNCHRON Timing Motors pull up to 20 in. oz. at | r.p.m.; 
operate efficiently at temperatures from —40°F. to +140°F. Each 
motor must pass 51 inspections and a grueling test under power 


before shipment. UL and CSA approvals 


Every construction feature performance proven ! 


] PATENTED TWO-PIECE FIELD STRUCTURE 3 ALUMINUM ROTOR RING SUPPORT B GEAR CASE SEALED against oil leakage 
having wide and narrow poles, with rotor to permit mounting in any position. 
that rotates between inner and outer field 4 PATENTED, HARDENED STEEL ROTOR 
poles. The inner and outer poles are RING FOUR CONVENIENT MOUNTING HOLES. 
properly shaded with heavy, continuous 
copper rings to assure maximum starting 5 OllL STORAGE RESERVOIR with patented BRASS GEARS. 
and running torque oil feed to bearings. 
STEEL PINIONS. Note: Brass against steel 
6 HEAVY BRASS ROTOR COVER. assures longer life. 
2 DOUBLE BEARINGS in reduction train on 
rotor shaft assure smooth operation 7 DOUBLE BEARINGS ON OUTPUT SHAFT. BAKELITE GEAR for quiet operation. 





STANDARD HI-TORQUE SLO-MOTION HANSEN HANSEN 
TIMING MOTOR TIMING MOTOR SYNCHRON CLOCK MAGNA-TORC 


(8 IN. OZ.) (20 IN. OZ.) (1 R.P.H.) MCVEMENTS DC MOTOR 
Compactly built to There's big power A new timing motor For standard and off- Designed for aircraft 
space saving dimen- packed into this ver- developed _ especially ice clocks, sign clocks, instruments and radio 
sions, with rotor and satile timing motor. for slow motion jobs. novelty clocks, and controls, Armed 
coil packed in a One year guarantee. Guaranteed 20 in. oz. clocks of all kinds up Forces applications 
sturdy hand - sized Dependable, accurate, at 1 ph. (1/60 to 26” in diameter have proved its top 
case. Used in timing trouble-free. Guaran- r.p.m.) under glass. Precision performance world- 
devices and controls teed torque 20 in. oz. power with a Syn- wide under all op- 
of all types. Guar- at 1 r.p.m. chron timing motor. erating conditions. 
anteed torque 8 in. Easily adapted to 
oz. at | r.p.m. commercial uses. 























VISIT OUR BOOTH 941 AT THE WESCON SHOW, LOS ANGELES, AUG. 19-22. 


i casmnconioagas 3 


Scene synchronous motors, timing machines, 
: clock movements, magnatorc DC motors 


HANSEN MFG. CO., INC. 


OuR SOTH YEAR 


PRINCETON 16, IND. 


FOR FULL INFORMATION CALL OR WRITE TODAY 


Hansen Representatives: The Fromm Co., 5150 W. Madison St., Chicago, IIl.; Winslow Electric Co., New York, N. Y., Chester, Conn., Philadei- 
phia, Cleveland; Electric Motor Engineering, Inc., Los Angeles (WEBSTER 3-7591) and Oakland, Calif.; H. C. Johnson Agencies, Inc., Rochester 
Buffalo, Syracuse, Binghamton and Schenectady, New York. 
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NEW GENERAL ELECTRIC 
BEAD SIZE THERMISTORS 


ACTUAL 
SIZE 


New G-E “Bead Size” Thermistors — 
D-054 (1000 ohms at 25° C) and 
D-051 (20,000 ohms at 25° C) 


BETTER TOLERANCES 
... FOR LESS COST 


G.E.’s new “bead size” D-050 se- 
ries thermistors are available with 
resistances from 1,000-20,000 ohms 
at 25° C. These .05-inch diameter 
disc thermistors provide lower 
thermal time constants and are 
available for 250°C maximum oper- 
ating temperature (standard, 150° 
C). You can buy them economi- 
cally with resistance tolerances of 
only +5% (standard, +10%). 


NEW THERMISTOR MATERIALS © 


Extensive research has added 
many new thermistor materials to 
the G-E line. These can now be 
used in a wide variety of design 
applications not previously cov- 
ered by grade 1 and 2 materials. 


COMPLETE RESISTANCE RANGE 


G-E thermistors can be supplied 
in sizes from .05 up to 3 inches 
with resistance values from 1 to 
10,000,000 ohms, and temperature 
coefficients of resistance from 
—1% to —5% at 25°C. For more 
technical information or the as- 
sistance of a G-E engineer, write: 
Magnetic Materials Section, Gen- 
eral Electric Company, 7804 N. 
Neff Street, Edmore, Michigan. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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ability within tolerance of +1 unit. This 
is shown as inductance value for a coil 
of 1000 iurns on core. Have tempera- 
ture coefficient whose mean slope is of 
order of 100 to 120 ppm per deg C. 

Cores are formed from ternary alloy 
of nickel, iron and copper which is 
pressed in one piece with special finish 
of insulating lacquer. Wallace E. 
nolly & Co., P. O. Box 295, 
Park, Calif. 


Con- 
Menlo 
505 


DOUBLE-CUP 
CERAMIC CAPACITORS 


Double-cup high-voltage ceramic ca- 
pacitors are for use in r-f circuits 
up to 10 kv. Known as Type 90C and 
S1C, may be 
electronic 


transmitters, 
equipment, and 
other high-frequency circuits. 


used in 
welding 


Rugged mechanical construction and 
long leakage paths are feature of 
double-cup design. Dielectric used has 
high Q and stable retrace character- 
istics. Typical capacitor rated at 75 
wef at 5 kv can carry current of 14.5 
amp at 30 me. Sprague Electric Co., 
307 Marshall Street. North Adams. 
Mass. >506 


HIGH-PERMEABILITY 
ALUMINUM-IRON ALLOY 


Type 12 Alfenol is designed for use 
in magnetic tape pickup heads, servo 
and synchro laminations and_ thin 
gauge toroidal tape cores. 

Material is a 12 per cent aluminum- 
iron alloy which contains no strategic 
alloys. Major advantages over nickel- 
iron alloys and irons are: 
greater resistance to wear and abra- 
sion for such applications as pickup 
heads; less eddy current loss in lami- 
nations at high frequencies; 
magnetic stability at elevated tempera- 
tures, up to 500 C; density is only 
6.80 g per cc; higher electrical re- 
sistivity—580 ohms per circular mil 
foot. 

Available as unannealed cold-rolled 
strip varying from 0.002 to 0.025 in. 
thickness with coil widths up to 3 in. 
weighing from 1 to 30 lb per inch of 
width. The Carpenter Steel Co., Gen- 
eral Office, 3rd & Bern Sts., Reading, 
Pa. ->507 


silicon 


greater 


FLEXIBLE DRIVE COUPLING 
OF MAGNESIUM ALLOY 


Line of flexible drive couplings called 
Magnaloy is made of a 
alloy that provides strength of steel 


with an 80 per cent 


magnesium 


reduction in 
weight. 

Installation is simplified as units are 
not pressed on, but slipped over shafts. 


through use of 
separate split hubs which fit into cou- 
pling halves. Socket-head screws used 


Are made _ vise-tight 


to draw two together and this com- 
presses split hub around shaft. 
Removal accomplished by inserting 
same screws in holes drilled only in 
hub. Screw meeting opposing face of 
coupling forces separation of two. 
Made in 8 size-steps. will accept 
from 34 to 6 in. shafts. Detroit Power 
Coupling Co., 992 W. Seven Mile Rd., 
Detroit 3. Mich. >508 


MAGNESIUM ALLOY HAS 
UNUSUAL DAMPING 
CAPACITY 


Magnesium alloy for missile and air- 
craft applications identified as K1X1 
is notable for its unusual damping 
capacity. It may be either die cast or 
sand cast. 

Other features: contains 0.4 to 1.0 
per cent zirconium, 
combination of damping capacity, light 
mechanical 
sion resistance and castability); has 
several times specific damping capacity 
of gray cast iron, 14 the weight, com- 
parable tensile strength and 3 times 
the thermal conductivity; also has low 
electrical resistance, is non-ferromag- 
netic, and can be welded readily. Dow 


Chemical Co., Midland, Mich. ->599 


(provides strong 


weight, properties, corro- 


MOTOR HOUSED IN HEAT- 
TREATED ALUMINUM ALLOYS 


Motor series is housed in heat-treated 
alloys of aluminum and is _ without 
external cooling fins. 

Absence of dust-collecting fins makes 
motor valuable for use in dusty atmos- 
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Reliance 400-hp hermetic motor insulation of “Lecton” resists 
refrigerants and oils—can he used at temperatures to 130°C. 


Excellent resistance to refrigerants at 
moderate cost makes “‘Lecton’’* acrylic 
resin-coated glass fabrics ideal insula- 
tion on hermetic refrigeration motors 
for Reliance Electric and Engineering 
Co. Tested for over a year by Reliance, 
*‘Lecton’”’ proved the most satisfactory 
insulation for their line of up-to-600-hp 
refrigerant-cooled hermetic motors. 
**Lecton”’ is virtually unaffected by 
fluorinated hydrocarbon refrigerants 
and lubricating oils— performs continu- 


DU PONT INDUSTRIAL 
COATED FABRICS 
CEMENTS 


SHEET STOCKS « 


REG. U. 5. PAT. OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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ously at Class B temperatures. Reliance 
uses ‘‘Lecton’’ for slot liners, top and 
mid-sticks, and as tape for wrapping 
pre-formed coils. 

DuPont makes “‘Lecton’’-coated fab- 
ric products available in a variety of 
forms and thicknesses to meet a wide 
range of insulation needs such as slot 
liners, phase separators, end-turn insu- 
lation, preformed coil-insulating tapes, 
top sticks for motors and transformer 
layer insulation. All are highly resistant 


Name 


Qn nnn nn en nnn nee 
E. I. du Pont de Nemours & Co. (Inc.), Dept. EM-88 
Fabrics Division, Wilmington 98, Delaware. 

Please send me more information on these new “‘Lecton’-coated 
fabric insulation materials with superior refrigerant and temperature 
resistance. I am interested in using “Lecton”’ fabric for 


to refrigerants, lubricating and trans- 
former oils and common solvents. 
*‘Lecton’’ can be used at temperatures 
upto300°F. Conditions of relatively high 
humidity have little effect on its dielec- 
tric strength. 

For specific information on proper- 
ties of ‘“‘Lecton’’ and how it may be used 
in your operations, mail the coupon or 
write: E. I. du Pont de Nemours & Co. 
(Inc.), Fabrics Division, Department 
EM-88, Wilmington 98, Delaware. 


*“LECTON” is Du Pont’s registered trademark for its acrylic resin-coated fabrics. 


Title 





Firm 








Address 





City. 


Zone State 
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New’ E’ Relay 


interchangeable with 
many other makes 


Stromberg-Carlson’s new type “E” 
relay combines the _ time-proven 
characteristics of the type “A” relay 
with a mounting arrangement com- 
mon to many other makes. 

As the sketch above shows, our 
new frame mounting holes and coil 
terminal spacing allow you to spec- 
ify these relays—of “telephone qual- 
ity’ —interchangeably with brands 
you have been using. Costs are com- 
petitive and expanded production 
means prompt delivery. 

Welcome engineering features of 
the new “E” relay are— 


* Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 


* Coil: single or double wound, with taper tab 
or solder type terminals at back of relay. 


* Operating voltage: 200 volts DC maximum. 


You may order individual can cov- 
ers in a choice of 3 sizes for the new 
relay, as well as for our type “A’ 
and “C” relays. 


For complete details and specifi- 
cations on the “E” relay and other 
Stromberg-Carlson relays, send for 
your free copy of Catalog T-5000R. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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pheres of explosive nature, where 


accumulation around fins would be 
dangerous. 

Approved by UL for Class 1, Group 
D (gasoline vapor) and Class 2. 
Groups F and G (explosive dusts) 
service,’ in’ * NEMA’ rerated frames 
254U-256U, 284U-286U and 324U- 


326U. Electra Motors. Inc., 1110 No. 


Lemon St., Anaheim. Calif. >510 


FREQUENCY-PERIOD 
COUNTER 


Model 211B frequency-period counte: 
combines high-speed electronic count- 
ing and inline-inplane digital presenta- 
tion in one compact package. Designed 
for production line and _ laboratory 
work, features 214 in. numerals. 0 to 


220 ke 
100,000 sec period range, and memory 
circuit that holds 
counter cycles to accumulate new data. 

Each digit consists of 40 neon bulbs 
which provide light level of sufficient 
intensity to make readings visible up 
to 150 ft away. Other features are 
modular plug-in printed circuit con- 
struction and  temperature-regulated 
crystal-controlled time base. Computer 
Measurements Corp., 5528 Vineland 
Ave.. No. Hollywood. Calif. >511 


frequency range, 10 psec to 


readings while 


PRESSURE RATIO 
CONTROL VALVE 


Pressure ratio control valve Type 
141VK14 is equipped with sensing 
mechanism and designed for direct 


mounting on jet engine. Including 


hydraulic servo valve and_ electro- 
magnetic remote resetting, weighs less 
than 7 lb. 

Pressure ratio measured to within 
altitude 
range of 15 to 1. Has rectangular 
stainless steel diaphragm, 0.001 in. 


14 per cent over pressure 


thick. Diaphragm operates against con- 
toured surface. providing both pressure 
separation and variation of effective 
areas with stroke to assure output in 
proportion to pressure ratio error. Con- 
solidated Controls Corporation. Bethel. 


Conn. >512 


STEEL FOR HIGH- 
FREQUENCY EQUIPMENT 


Silectron Special Grade strip, 0.004-in. 
gauge, is designed for applications 
where high permeability and low ex 
citing current are essential at high 
inductions. 

Strip is a C-10 coated, cold-rolled, 
oriented strip with best magnetic prop- 
erties parallel to the rolling direction. 
After fabrication, Silectron Special 
Grade is given special stress relief 
annealing in a non-oxidizing, non-car- 
burizing, forming gas atmosphere. Alle- 
gheny Ludlum Steel Corp.. Oliver Bldg.. 
Pittsburgh 22, Pa. >513 


2500 VOLT D-C MULTI-TAP 
DELAY LINE 

F384 delay line features 2.5 kv d-c 
rating and high accuracy in its multi- 
tap positions. Has a 66 usec total 
delay with taps every 2 usec. Rise time 
approx 10 per cent of delay selected 


at any one of its 33 tap points. Imped- 
ance is 9100 ohms. 

Other models offered in all ranges 
of impedances from 50 to 10 k ohms. 
Hermetically-sealed. can be provided 
for either stud or 
Control Electronics Co.. Inc., 1925 New 
York Avenue Huntington Station. 
fo & >514 


insert mounting. 


PRINTED CIRCUIT 
PROTECTIVE COATING 


Solderable coating is designed for pro- 
tecting printed circuits and components 
against effects of humidity, temperature 
variations, salts, dust. 

Known as Type E-9911. coating is a 
one-component material. Requires nm 
application. 

brush ap- 
plied. Is air drying and cures at room 
temperature. 

Dielectric strength is 3000 to 4000 
vpm in coating thicknesses of 0.00025 
te 0.0005 in. Humidity cycling conforms 
to MIL-E-5272A specifications. Colum- 
bia Technical Corp., 61-02 Thirty-First 
Ave., Woodside 77. N. Y. >515 


(Continued on page 143) 


mixing or thinning for 


Can be sprayed, dipped 
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Here Knowledge Counts... 


In a chess game, it’s knowledge that pays 
off. And, when it comes to motors for 
appliance and equipment manufacturers, 
Emerson -Electric’s team of skilled special- 
ists (more than 100 engineers!) is ready to 
go to work for you now... with knowledge 
that pays off in your profit column. 


Remember... 


® Emerson-Electric produces custom -engi- 
neered motors to meet your specific needs. 





®@ For more than 65 years, Emerson-Electric 
has been solving problems like yours. 


Put this special knowledge 
to work for you! Call, wire 
or write Dept. M-316 today. 
The Emerson Electric Mfg. 
Co., St. Louis 21, Mo. 


EMERSON-ELECTRIC of St.Louis - Since 1890 
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RBM Millions of Type MS relays now 


in extensive use in highly competi- 
tive markets—automotive, radio, 
and television. Proven ideal for 
MI N I ATURE applications requiring a sensitive, 
highly reliable single pole or com- 
mon multiple contact DC unit. 


SE NSITIVE Mass production, and RBM’s ex- f il ] actuat 


TYPE MS 


perience in assembly techniques, 
make Type MS your low cost 


RE LAY solution for volume usage. 


BUILT TO WITHSTAND B) 





X-BAR 
AVAILABLE WITH ENCLOSED CONTACTS INSURE NO CURRENT- CO/L CONSTRUCTION 
PRINTED CIRCUIT CONTACTS WHERE MAX/MUM CARRYING MEETS UNUSUAL 
TERMINALS DESIRABLE RELIABILITY RIVETS CLIMATIC CONDITIONS 


Sot 


CHARACTERISTICS = @ONTACT FORMS 

MS-40 MS-26 SINGLE | Common 
—— _ POLE MAKE 

(COIL RESISTANCE |7010,000 0HMS|TD/5,0000KMS. NOs BNO RIOT 


MAX.CO/L POWER | / WATT LS WATT NC 5NO 


3 DT 
MIN.COIL. POWER| MOWATT | O25 WATT 
| (sinele Proce) | (swe Pale) TERMINALS 


; on, (A) SOLOER TYPE~ ALL 
CONTACT RATING | /AMP-26VD.C.| JAMR2ZBVDC. "ong 


ORUSVAL, | ORISVAL. (B) pemnreD CIRCUIT 
(Mon-woucrivE)| (NON-INDUCTIVE) TYPE (SINGLE POLE 
VERSIONS ONLY) 

















Consult your local RBM Product Application Engineer or write for Bulletin MS-3 


RBM Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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15 IN. WIDE DUCTILE 
CO-NETIC FOIL 


Ductile Co-Netic magnetic shielding 
foil offered in 15 in. width simplifies 
enclosure of much larger volume by 
minimizing number of junctions needed 
when foil was available only in 4 in. 
widths. 

Foil can be trimmed to any dimen- 


sion or outline with pair of scissors 
and is easily formed by hand. One 
or more layers can readily be applied 
and effects observed, permitting en- 
gineer to determine optimum location 
and number of layers necessary for 
adequate shielding. 

Co-Netic foil is non shock sensitive, 
non-retentive, does not require peri- 
odic annealing and attenuates low 
level fields. Magnetic Shield Div.. 
Perfection Mica Co., 1322 No. Elston 
Ave., Chicago 22. Ill. >516 


SUBMINIATURE 
ATTENUATOR 


Subminiature attenuator only 34 in. sq 
by 1%4 in. long has a shaft diameter 
1, in. with 44 in. —28 mounting bush- 
ing. Inside unit are 2 switch sections 
with slip rings and 22 fixed resistors. 

Designed to surpass applicable MIL 
specifications such as MIL STD 202A 
by temperature cycling. moisture re- 
sistance, vibration up to 2000 cps at 
15 g. and 50 g acceleration. 

Available as 1]-position bridged “T,” 
20-position ladder. or 20-position po- 
tentiometer. The Daven Co., 536 W. 
Mt. Pleasant Ave., Rt. 10, Livingston, 
ae >517 
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FIBERGLAS REINFORCED- 
POLYESTER TIE-DOWN RING 


Fiberglas reinforced-polyester tie-down 
ring for large industrial motors and 
generators is used to compensate for 
tremendous mechanical surges on coil 
windings which tends to pull them 
away from stator slots. 

Advantage of rings is that they over- 
come induced current problems present 
with steel rings which tend to heat 
rapidly at high voltages. The Fiberglas 
reinforced-polyester ring is self-insulat- 
ing and combines superior tensile and 
flexural strength to that of steel ring. 

Lab tests indicate more than double 
the strength of steel and longer life 
expectancy. Pittsburgh Electrical Insu- 
lation Co.. Inc., 3000 Bigelow Blvd., 
Pittsburgh, Pa. >518 


FLAT MULTI-COLORED, 
MULTI-CONDUCTOR CABLE 


Spectra-Strip VERILOCAP is a flat 
multi-conductor, multi-colored cable, 
designed to give a very low capacitance 
cable using minimum of space. 

Main function of cable is in control 


of inter-wire capacitance. By ground- 


ing the wire on each side of any par- 
ticular lead, the need for a shielded 
wire or coaxial cable can be avoided 
in many cases. In this way, signal loss 
can be kept to a minimum. 

Physical and design flexibility are 
features of cable because spacing can 
be varied and different gauges of wire 
can be incorporated in one cable. 
Spectra-Strip Div., Organic Develop- 
ment Corp., 10052 Larson Ave., Garden 
Grove, Calif. >519 


PLUG-IN SERVO REPEATER 
SYSTEM 


Model W_ 1902 self-contained servo 
measures 1*2 in. diam, 4 in. in length, 
and weighs 13 oz. Includes servo ampli- 
fier, servo motor, potentiometer (single 
or multi-turn), input power step-down 
transformer, and gear train. 

Unit positions output shaft propor- 
tional to a 400-cycle input signal volt- 
age in range of 0-10 volts or 0-100 volts 
(full scale). Typical performance with 
200:1 gear ratio: follow-up accuracy, 
+0.05 per cent of signal voltage; vel- 
ocity constant, 52 sec"'; output torque 


They can be your design assistants 
on other Essex Engineered Products. 








COILED CORDS- CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (moided 
plastic and rubber) with infinite design possibil- 
ities. Complete line of Coiled Cords 
including HPN. 

Write for Coil Cords Literature 
Cords Limited Division, DeKalb, Il. ® 








GENERAL 
PURPOSE 
RELAY 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 

tility permits gin ing short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Control Div., Logansport, Ind. 

















APPLIANCE WIRES 


Designed for your industry, a complete line of 
“Essex Engineered" appliance wiring material 
—thermoplastic, rubber, neoprene and silicone 
lead wire, plus internal refrigerator wires, 
power supply cords and heater wire. 


Wire and Cable Div., Ft. Wayne, Ind. ® 


my ESSEX 


WIRE CORPORATION 
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os sé The accuracy, uniformity and toughness 

recision of Wisconsin Porcelain Co.’s ceramics 

gives you a closer fit, speeds assembling 

and reduces production costs. These ad- 

vantages make Wisconsin ceramics 

ma e especially suited to automatic and semi- 
automatic assembly processes. 


And their superior physical character. 


. 
C i istics give you best results for permanent 
: electrical insulation. 


If your components call for porcelain, 
—that help refractory, steatite or filter body parts — 
send us a sample or blueprint and tell us 


to simplify your requirements. We will be glad to 


quote prices and delivery. 


your Serving Electrical and Electronie¢ 


. ote < Industries since 1919. 
Production WISCONSIN 


115 Market St. 
Sun Prairie, Wisconsin 


NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 























H ere’s a new way to use the ELECTRICAL 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 


(max), 20 oz-in.; output speed (max), 
90 deg per sec; acceleration, 180 deg 
per sec; bandwidth, 6 cps; damping 
ratio, 0.6-0.7. Waldorf Instrument Co., 
Electronics Div.. Huntington Station. 


N. Y. >520 


CADMIUM-SILVER CLAD 
PHOSPHOR BRONZE STRIP 


Overlay of cadmium-silver supplies 
cood electrical contact properties .and 
electrical conductivity, while phosphor 
bronze base contributes _good spring 
properties to provide. unusual material 
for manufacture of electrical- contact 
springs. 

Silver overlay made from fine, coin. 
or sterling silver, rolled to commercial 
or mirror finish. Strip supplied in all 
types of cladding including overlay. 
inlay. edgelay, thrulay, and abovelay. 

Thickness ratios extend from 99 pet 
cent cadmium-silver down to less than 
] per cent. Width tolerances as close 
as +0.0015 in. American Silver Co., 
Inc.. 36-07 Prince Street, Flushing 54, 


ee >521 


CERAMIC ENCAPSULANTS 
FOR 2000 F 

Ececoceram is a series of inorganic 
encapsulants and cements for elec- 
tronic applications, usable from 70 
F to +2000 F. Material is used in 
manner similar to that of conventional 
casting resin. Two components, a pow- 
der and a liquid, are mixed to produce 
a flowable material which can be 
poured into a cavity. Vibration and /or 
vacuum may be used for improved fill- 
ing. A cure schedule is then followed. 


(Continued on page 146) 


ECCOCERAM SM25 


ELECTRICAL MANUFACTURING 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





WHEN A SIGNAL ALMOST ISN’T... 


We feel like passing out cigars because our development engi- 
neers have given birth to a new addition to the CONTROL 
standard line of proportioning reactors that never wear out. 
It’s a pre-amplifier that will work from a 200-microwatt signal, 
with a 3-cycle response. Hitch it to a CONTROL proportioning 
reactor and in one step you have wide range control of a 2-KVA 
load. That means if you have to work from the minute output 
of a smal] tach-generator, thickness gauge, electronic rélay or 
process control instrumentation, you should write us. We've got 
CONTROL pre-amplifier specifications ready for you. 


DESIGN CONTROL CIRCUITS 
WITH BUILDING BLOCKS... 


When we took “never wear 
out” magnetic devices into the 
industrial control field, we 
made the grand plunge—de- 
signed standard lines which a 
systems engineer could design 
into his equipment right from 
the CONTROL catalog. That 
put an end to the high price of 


~* the unusual advantages of sat- 
THE HECK 


urable reactors. Instead of cus- 
WITH MAINTENANCE! tom designing, we mass pro- 
duce—and your costs come 
There are no moving parts in a CONTROL tumbling down. Want to select 
proportioning reactor. There are no filaments the building blocks to design 
to burn out. There are no adjustments to make. your control circuits? We have 
You can bury them, fly them through the tropo- information on CONTROL’S 
sphere, or install them in the corrosive atmos- standard proportioning reac- 
phere of a chlorine plant—it makes no differ- tors—theory, characteris- 
ence. If you're tired of control equipment that tics, typicaluses. It awaits 
has to be pampered with maintenance, you're your letter. 
for us. Servicing? Parts replacement? No more, 
friend, no more. We're better than hormones 
for the pooped-out control engineer. Why not 
write us your troubles? 


£ S30 A z= 
Reliability begins with be ON TROL, 
f ; ; ; 4 “4 


A DIVISION OF MAGNETICS. INC 
DEPT. EM-50, BUTLER, PENNSYLVANIA 
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, ches T¢ Highest temperature of cure is about 
¥ 250 F. Following this, Eccoceram can 


oe 33 
‘ at 
a 


¥ sa y this 


be immediately subjected to 2000 F. 
aa In most instances. thermal shock of 


4 embedments between +2000 F and 

* one 70 F will not cause cracking. Will 
ue not burn, and is highly resistant to 
nuclear radiation. Emerson & Cuming, 

Inc., 869 Washington Street. Canton, 


Mass. >522 








TRANSISTOR-DRIVEN 
"No matter what type of = GALVANOMETER 


High-frequency galvanometer has been 

* e 
explosion-proof fitting we developed for general use with tran- 
sistor-powered amplifiers in oscillo- 
« onngs graph recording applications. Features 
need, Crouse-Hinds has it! flat frequency response from d-c to 
j 35 eps, and extended flat response up 








—Proportioneers, Inc. (Div. of B.I.F. Industries, Inc.) 





to 200 cps with compensated signal 
amplification. 

Total d-c coil resistance is 260 ohms, 
center-tapped. A standard 3-in. pen 
can be driven 1 cm by 16.5 ma, or 


GASOLINE BLENDER CON- i / - 1.025 volts across outside coil termi- 
TROL PANEL built by Proportion- we nals. Edin Co., Div. of Epsco, Inc., 207 
eers, Inc. for Shell Products. : : Main St., Worcester 8. Mass. 523 


REAR VIEW Panel contains 58 
different types and sizes of ex- 


2 tyne Condulets—a_ total POWER MERCURY 
alain ans _ CONTACTOR 


Small-size 10 kw power mercury con- 

” ™ ‘i tactor developed for heavy lighting and 

“DESIGN as you will—CONDULETS fill the bill” | ctr iowloved ir briny ihting and 

| 100 amp, 10 kw-T load, 15 hp 3-phase, 

10 hp single-phase. 

No matter how complicated your electrical con- Temperature rise under full load is 

duit layout, you'll find everything you require in less than 50 C over ambient; coil con- 
the Condulet Catalog. There are more than 
3 15,000 different: types of Condulets, plugs, re- 
NATIONWIDE ceptacles, switches, controls, circuit breakers 
DISTRIBUTION and lighting fixtures —for both hazardous and 


spon Serpe ordinary locations. 
euecTmicat 


DISTRIBUTORS 

For complete freedom in layout design, get 

Registered acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 





Circle 152 on page 17 ELECTRICAL MANUFACTURING 





UP-TO-DATE ON MAGNETICS 


GUARANTEED TO WITHSTAND 1,000 VOLTS! 


GVB-finished tape wound core boxes drop your production costs 


We have developed a radical new finish for aluminum boxes 
for tape wound cores. Your production department will glow 
with delight, for we guarantee this finish to withstand 1,000 
volts (at 60 cycles) without taping! 


GVB, for Guaranteed Voltage Breakdown (limits) , is what 
we call this new finish. It is perfectly matched to our alu- 
minum core boxes, for it will withstand temperatures from 
~70°F to 450°F. Potting techniques need not change, for 
GVB-finish lives happily with standard potting compounds. 


By eliminating the need for taping the core box, you 
also eliminate a time consuming production step. By com- 
bining GVB-finish with our aluminum core box, we assure 
you a core capable of being vacuum impregnated down to 
20 mm. of mercury. 


And they are Performance-Guaranteed! Like all tape 
wound cores from Magnetics, Inc., aluminum-boxed or phe- 
nolic-boxed, you buy them with performance guaranteed to 
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published limits. The maximum and minimum limits are for 
B,, B,/B,,, H,; and gain. This data is published for one, two, 
four and six mil Orthonol® and Hy Mu 80 tape cores. 


GVB-finished cores are ready for you now. So are the pub- 
lished limits for all Magnetics, Inc. tape wound cores. Write 
today for more GVB details, and for your copy of the guar- 
anteed performance limits: Dept. EM-51, Magnetics, Inc., 
Butler, Pennsylvania. 


MAGNETICS inc. 


; 


Circle 153 on page 17 





THE MARK OF QUALITY 

VERSATILE, RELIABLE 
ELECTRICAL COMPONENTS 
FOR YOUR PRODUCTS 


BARBER 
COLMAN 





d-c motors 


Small, high-quality d-c motors for industrial 
equipment and aircraft control applications. 
Output up to 1/10 hp . . . permanent magnet 
and split series types . . . various mountings 
and speeds. Offered with gearheads or blowers. 
Radio noise filters available. 





a-c 400 cycle motors 


Precision missile and aircraft a-c motors de- 
signed to MIL-M-7969a. The capacitor type, 
four-pole motor features a balanced winding 
permitting reversal with an SPDT switch. A 
400-cycle brake is available. Typical rating 
is .020 horsepower at 9700 rpm and 83 watts 
input, intermittent duty. 





tach generators 


For accurate speed indication and servo rate 
control applications. Supply up to 40 volts 
per 1,000 rpm within plus or minus 0.5% 
linearity. Standard temperature range is —65 
to +200°F, but units have been made for —65 
to +500°F ambient. 





polarized d-c relays 


Ultra-sensitive polarized d-c relays capable of 
operating on input powers as low as 40 micro- 
watts. Available with three types of adjust- 
ment: null-seeking . . . symmetrical magnetic- 
latching . . . or conventional form C snap- 
acting. Can also be supplied with integral 
transistor preamplifiers. 





choppers 


Feature extremely low driving power . . . low 
noise level . . . excellent stability . . . long 
contact life. Convert a low-level d-c signal 
into a low-level a-c signal which can be am- 
plified to operate control apparatus. Can also 
be used as a synchronous rectifier to convert 
low-level a-c signals to d-c without loss. 





resonant relays 


Characterized especially by low operating 
power and narrow band width. Coil impedance 
is high enough to be operated in the plate 
circuit of a vacuum tube without impedance 
matching devices. Can be supplied tuned to 
any frequency between 115 and. 400 cps. 





TECHNICAL BULLETINS AVAILABLE on all of the above products. Write today for copies. 


BARBER-COLMAN COMPANY 
Dept. H, 1803 Rock Street, Rockford, Illinois 

Electrical Components °* 

Aircraft Controls ° 

Molded Products ° 


Small Motors * Automatic Controls * Industrial Instruments 
Air Distribution Products ° Overdoors and Operators 


Metal Cutting Tools * Machine Tools * Textile Machinery 
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sumes less than 7 watts to operate. 

Combination of projection ring 
weld, metal-to-glass compression, and 
oxide band seal holds 50 psi of hydro- 
gen gas indefinitely whether in use or 
on shelf. Mass spectrometer equipment 
which detects gas loss as small as 1 
cc in 30 years used to develop and 
test this product. Durakool, Inc., Elk- 
hart, Ind. >524 


MAGNETIC DRUM HEAD 


Magnetic drum head OL-12-E, *g in. 
diam by 1% in. long and 0.024 track 
width, features balanced 
ance windings, low 


low-imped- 
record current, 
and high playback voltage for use with 
transistorized circuits. 

Bit densities of up to 200 bits per 


in. at 1 mil spacing; read and record 
information at high frequencies. Other 
features include all-metal construction, 
continuous operation at high tempera- 
ture, milled flat perpendicular to gap. 
Midwestern Instruments, Data Storage 
Devices Div.. P. O. Box 7186, Tulsa, 
Okla. > 525 


SPACE-SAVING 
TRANSFORMERS 


Designated as the Slim-Tran line. units 
are constructed of L-shaped lamina- 
tions; this design, coupled with special 
assembly techniques, results in signif- 
icant reduction in overall volume and 
decreased weight. 

Suited for guided missile applica- 
tion, portable and mobile equipment. 
and miniaturized equipment. 

Units available up to 500 va ratings 
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and can be obtained in open-type con- 
struction or hermetically-sealed types. ll 1 
Era Electric Corp., 67 E. Centre St., a-C cma mo ors 
Nutley, N. J. > 526 BARBER 
COLMAN high quality ...at low cost 


REFERENCE GENERATOR 


Model RD-170 generates both sinu- 
soidal frequencies of 100 me and 





1000 me and harmonic signals cover- 
ing a major portion of microwave for timers, recorders, 
spectrum. Output frequency stability 5: : 
governed by stability of a 1 me sig- 
nal which it uses for reference. 


microtfiim cameras, 
, F chart drives, switches, 
Instrument consists of a free-running 


100 me oscillator, which is phase- and similar applications 
locked to 1 me reference. and mul- 


tiplier stages which raise frequency to i ; 
1000 me. Pencil tube in coaxial cav- i . synchronous 
ity forms final output stage. Power de- : 
livered is 100 mw across 50 ohms. 

Requiring only B+ and filament :OO1 to .0045 hp 
power for operation, RD-170 incorpor- . 
ates an internal l-me reference sta- Barber-Colman synchronous small 
bilized to 1 part in 10° per day. Man- . motors develop more than 30 times 
pte grater: a is haces ae the power of ordinary clock and 
Pa a — aa timing motors. High pull-out torque 
| gives power reserve for operation 

: under adverse load and supply 

PRIMARY BATTERY OPERATES ie : ‘Cool voltage conditions. Synchronize 
AT —100 F ntet rapidly to 3600 rpm synchronous 
Called the Arctic, battery is able to speed. These are superior quality 
‘ ly entnedielia: tenses a beeen. motors ... with open and enclosed 
upp ipprecia ir 1 I : 
atures below —65 F. Besides its ability gear trains . . . to meet needs of 
to operate over range from 200 F down Zi a wide range of critical applications. 
to 100 F, the Arctic offers unusually 





other motors 
in the Barber-Colman 


lime — unidirectional and 
reversible nonsynchronous motors 

— up to 1/20 hp — With and 

for negative plate, silver chloride for ' without reduction gearing — open 
positive plate, and an electrolyte with or enclosed types. Expert 

an acetonitrile solvent. Is hermetically engineering service available to help 
sealed and has no chemical reaction. j you get the exact motor needed, at 


Yardney Electric Corp., 40-50 Leonard the right price, for your application. 
St.. New York 13, N. Y. >528 


high terminal potential approximating 
2.30 volts at 100 F. 
Non-aqueous, cell employs calcium 


KEL-F JACKETED TEFLON 
MINIATURE COAXIAL CABLES 


Three coaxes with superior abrasion FREE CATALOG HELPS SELECT MOTOR NEEDED 
Get this helpful condensed catalog of Barber-Colman shaded pole 
small motors. Contains complete descriptions of above motors, 
as aft ‘ “= shows typical specifications, performance characteristics, control 
military specification MIL-C-17 (super- circuit diagrams. Write for your copy. 
sedes MIL-C-8721). 

Utilize a 30 AWG (%s of silver plated 


copperweld) conductor. Primary insula- B ARBER- Cc OLMAN Cc OMPANY 


tion of extruded Teflon resin shielded Dept. H, 1203 Rock Street, Rockford, Illinois 
with a braid of 38 AWG silver-plated Small Motors * Automatic Controls * Industrial Instruments °* Aircraft Controls 


copper, and jacketed with monochloro- Electrical Components ° Air Distribution Products * Overdoors and Operators 
trifluoroethylene (Kel-F) to a min wall Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 





and chemical resistance have full 
Qualified Producer’s List approval to 
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NOW AVAILABLE IN FOUR VERSATILE MODELS 


SNAP-ACTION CON- 
TACT speed gives posi- 
tive actuation up to 


~ 
double-pole, double- i 


throw switching in 
standard models 


SIMPLE TIME ELEMENT 
hermetically sealed, is 
not subject to aging or 
fatigue. Core design 
permits fast reset: 25 

of relay operating 


time, even with long- 
est delay periods! 


the proven S%-CWene time-delay relay 


ECONOMICAL Type A Relay is 
non-enclosed, offers time delay 
from 14 to 120 seconds. A low- 
cost relay with superior per- 
formance specifications. 


PLUG-IN Type H Relay adds con- 
venience of pin-type mounting, 
fits standard eight-hole sockets. 
Removable aluminum cover. 
Also made with solder-lug ter- 
minals. 


HERMETICALLY-SEALED Type F 
Relay gives complete protection 
against dirt, dust and moisture. 
Hermetic seal is permanent... 
relay never requires adjustment. 
Choice of pin-type or solder- 
lug mounting. 


PHENOLIC-ENCLOSED Type C is 
a low-cost, fully encased relay 
with D.P.D.T. switching capac- 
ity. Compact design allows easy 
mounting, is available with 
“quick-on” type contact and 
coil terminals. 


ELECTRIC COMPANY 
Trenton 2, N. J. 


99 Plum Street 








MAGNETIC COIL is ac- 
curately calibrated, 
uses no heaters or ther- 
mal elements. Results 
relay may be ener- 
gized continuously. It's 


oe a load carrier in itself 
“ar 
a 


does not require aux- 
iliary lock-in circuits 


New Bulletin No. 5003 includes full de- 
tails and specifications for Silic-O-Netic 
Relays. Write for a copy. 


S.A- 1698 
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thickness of 7 mils. Tensolite Insulated 
Wire Co.. Inc.. W. Main St., Tarrytown. 
eh A >529 


ROTARY ACTUATORS 


Small high-torque motor is coupled to 
limit switch and pot drive with anti- 
backlash gear. Gear transmits pot 
torque only. Limit switches are adjust- 
able from 0 to maximum number of 
turns. 

Actuators furnished in several styles 

flange or foot-mounted and with 1 o1 


Limit stop 
Anti-back assembly 


lash gear 


more pots. Standard models: 44 to 150 
rpm; 150 Ib-in. max torque; 3 to 30 
turns. 

Motor has high acceleration and 
with proper external circuit has dy- 
namic braking to give sharp stopping. 
Motor can be furnished with torque- 
limiting clutch. 

Pot can be used to feed-back position 
signal, either to position indicator of 
simple on-off circuit, or to servo sys- 
tems. United Hydraulics, Inc., 100 Ter- 
rell Ct., Dayton 7. Ohio. >530 


SNAP-IN JUNCTION 
TERMINAL BUSHING 


Snap-in Heyco junction terminal bush- 
ing is a miniature nylon receptacle 
offering a quick-connect means: for 
access through housings without pig- 
tail wire leads or screw terminals; for 
control component snap-in; for rapid 
motor hookup, output change or re- 
verse rotation; for multiple electronic 
circuit changes; and for hundreds of 
applications in electrical and elec- 
tronic fields. 

Three types of brass terminals avail- 
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Three-part bus bar contact 
assembly; triangular piece, 
EASY-FLO shim and base plate. 











Assembly under heat 


Note smooth, even fillet of ¢ leted 


o 





EASY-FLO 
“Moves in All Directions” 
to Braze 


Bus Bar Contact 


ne 


Specialty Brazing Laboratory, Riverside, Connect- 
icut, brazes, among other things, a bus bar contact 
for Rolock, Inc., Fairfield, Connecticut, makers of 
fabricated metal products. While a relatively simple 
assembly, it points up the remarkable fluidity of 
Handy & Harman Silver Brazing Alloys. 

Both assembly components are copper. Base plate 
dimensions are 4” x 8%” x 2%”, and the 's” thick 
triangular piece is 3” on its base with 27%” sides. 

After cleaning, the joint area of the base plate is 
HANDY-FLUXED and ashim of EAsy-FLO 45 is placed 
on the base plate and the triangular piece set upon 
the shim. Heating by Selas gas-air burners is done 
on a 50-second cycle. Alloy cost is approximately 


FIRST, BULLETIN 20 
This informative booklet will 
get you off toa good start on 
the values, techniques and econ- 
omies of low-temperature silver 
brazing. A copy awaits your 
request. 
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four cents per assembly. 

You’ll notice, in the photo of the completed assem- 
bly, how smooth the alloy fillet is. The capillary 
action of EASY-FLO causes it to flow out in three 
directions, providing even joint penetration. This 
single fact (without going into the qualities of 
strength, conductivity, corrosion resistance, etc.) 
makes EAsy-FLOa natural for electrical applications. 
Handy & Harman has, readily at hand, extensive 
data on the advantages of silver brazed joints for 
electrical applications. We are always ready and 
happy to discuss joining requirements and tech- 
niques with you. Your call or inquiry will bring 
complete and beneficial details. 


Source of Supply and Authority on Brazing Alloyse::<:: +>». 


ATLANTA. Ga. 
BRIDGEPORT. CONN. 
PROVIDENCE. &. 1, 


Cwicaco. me 
HANDY & HARMAN 2: 
DETROIT. wICH 
LOS ANGELES. Cauir, 


General Offices: 82 Fulton S$t., Mew York 38, M.V.  orncano, cavir. 
DISTRIBUTORS IM PRINCIPAL CITIES wontares, chaed 


MONTREAL, CANADA 
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A New Concept of TIME 


INDUCTQR MOTOR 


400 CPs MOTOR C ] t 
Om ptete 
aA =e eis S p 
ine of 


HAYDON' 


TIMING MOTORS 


Here is a complete line of timing motors that includes the right 

choice for every APPLICATION ... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac- 
curacy, quieter operation and longer life. 


HYSTERESIS... 


INDUCTOR . . . extra torque (30 ounce inches) for display and other 
heavy-duty jobs. 


CLUTCH ... allows automatic re-setting without external clutches. 


REVERSIBLE ...a hysteresis type with 2 coils, each producing 
opposite rotation. 


DIRECT CURRENT . 


400 CPS.. 
mentation. 


FOR COMPLETE INFORMATION, write today for new catalog .. . or 
contact the HAY DON Field Engineer nearest you. 


the ideal general-purpose motor. 


.@ permanent magnet type for 6 to 32 volts. 


. miniature and heavy-duty models for airborne instru- 


*Trademark Reg. U.S. Patent Office 


HAYDON 


Division of General Time Corporation 


2532 East Elm St., Torrington, Conn. 


HAYDON 


AT TORRINGTON 





HEADQUARTERS FOR 


| TIMING 
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able: solder, crimp and double dis- 
connect. Wire fastened to permanent 
end of terminal and terminal is snap- 
fastened into nylon Heyco. Color-coded 
bushing easily snap-anchored into 
chassis hole. 

Features: snap-in assembly into 
panel; snap-in assembly of  term- 
inal into bushing; made from DuPont 
“Zytel” nylon; available in 7 colors. 
Heyman Manufacturing Co.. Kenil- 
worth, N. J. >531 


EPOXY FINISHES TO CLAD 
METALS 


Epoxy finishes to clad metals are a 
recent addition to line of Corvel pow- 
dered resins specially processed for use 
with the Whirlclad process. a fluidized 
finishing process, Parts to be finished 
are preheated and dipped into a bed of 
dry epoxy powders which bond by 
fusion onto surface of part. By this 
method, cladding thicknesses of 0.004 
in. to 0.025 in. are readily obtained in 
a single dip. 

Metal parts are clad with uniform 
thicknesses, unmarred by sags, drips 
or irregularity in material flow. Edges. 
corners or projections are thoroughly 
covered. National Polymer Products, 
Inc., 125 North Fourth St.. Reading. 
Pa. >532 


PHOTOELECTRIC 
TACHOMETER 


Model DY-2504A measures shaft rota- 
tional speeds or accumulated turns to 
high resolution and accuracy on elec- 
tronic counters. Features low running 
torque and inertia, constant output 
voltage regardless of rotational speed, 


and up to 1 deg resolution. Can be 
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One 
Pallet of Quality 
~Coming Up! 
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Whatever packaging you choose for the 


and sizes exactly suited to your 
Roebling Magnet Wire you buy, you are 


applications ...and packaged to 
give you utmost flexibility, effi- 
ciency, economy. Write Electrical 
Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey, for all 
the facts. 


) 


* 
7/711), 


certain the wire is of unsurpassed quality! 


ZW wove werven 
4 


+ 


formic 


Modern manufacturing methods. 


.. quality 
ingredients . . 


. wire-making skill based on 
decades of experience ... exacting testing 
and inspection—all these factors combine 
to assure this one high standard. Yet quality 
Roebling Magnet Wire costs no more than 
others! 


ROEBLIANG a 


Branch Offices in Principal Cities a 
Subsidiory of The Colorado Fuel ond Iron Corporation 


Roebling Magnet Wire comes in types 


| turned in either direction, at speeds 


See your from 0 to 10,000 rpm. 


Generates constant-amplitude, equal- 

length output pulses as shaft is turned, 
CHICAGO end is available with output-pulses per 
revolution of 60, 100, 120, 180, 200 or 


STANDARD ths 334 x 354 in. cylindrical body 


mounts in any position by tapped holes 


distributor in shaft end and body flange. Operates 


from below 10 C to above + 55 C. 
Operating power is 6.3 volts a-c at 


for your 150 ma. Dynac, Inc., 395 Page Mill Rd., 
Palo Alto, Calif. >533 
widest choice 
DART-TYPE FASTENER 


Wi STOCK Dual-functioning, dart-type SPEED 


CLIP has been developed for retaining 


printed circuit panels to radio and TV 
transformers chassis eles 


Fabricated from heat-treated spring 
steel, fastener not only retains circuit 











150 MW GROUP; 7%” x '%e” x Ye"; wt. 0.65 oz. Speed dip 

Stancor Turns Ratio Impedance in Ohms 

Part No.| Application! Pri. to Sec. Pri. ec. 

Input .00:45. 30 C.T. 50,000 

interstage -08: 100 C.T. 10 C.T. 

Output .22: 350 C.T. 

Output 500 C.T. 

-22 | Interstage 500 C.T. 

Output 600 C.T. 

interstage 500 C.T. 

Output 825 C.T. 
7 Output 1,250 4 7 

} interstage 1,200 20,000 C.T._ 

interstage 1,500 500 C.T._ 

ACTUAL Output 2,500 4,16 


SIZE a interstage 5,000 C.T. 7,500 C.T._ 
interstage 


SGGbCT TiDGGOCT. boards to panels but provides positive 
Interstage 5.000 C.T. | 80,000 or electrical ground at points where it is 
Output 

interstage 

interstage 


10,000 C.T. 4,8,16 | inserted around circuitry. 
io ono sae Printed circuit panel is positioned 
interstage 10,000 3,000c.T.. and clips are snapped into place by 
Output 
interstage 
300 MW GROUP; 


400 C.T. 11 ____—— hand, both securing panel and ground- 
500 C.T. 150 C.T. 

TA-39 | Output 

TA-40 | Output 


6” x 1%” x %"; wt. 1.2 072. 
—TA-41 | Output 


100 C.T. 8,16 
160 _8, 16 
__TA-42 | Output 
_ TA-43 | Output |B 
_TA-44 | Output | 
_ TA-45 Output ] 
_TA-46 | Interstage | 
TA-47 Input 


Printed circuit 
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ing it to chassis in seconds. Spring 





we Tw 
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resiliency of clip’s legs provides suff- 
cient “give” to prevent circuit board 
400 GT. 6 from cracking with twisting or rack- 
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500 C.T. 8, 16 ing of chassis. Tinnerman Products, 
—_ 200 6.1.) _4, 8,18 Inc., P. O. Box 6688, 8700 Brookfield 
2,500 .8,16 _ : 
—3.000 48.16 Rd., Cleveland, Ohio. >534 
100,000 ___| 
1,000 C.T. | 200,000 C.T. 
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> MOLDED CONTACT 
Complete details about these new units are available in STANCOR Bulletin 546, ASSEMBLIES 


available from your distributor or by writing direct to Chicago Standard. : ; ; 
a Ox des ASS = Assemblies, designed for use with 





SINGLE ENDED }-+-+774 } ; F L F ; 
CICLaSS a STAGES (TIT DS —* TERS crass staces | 0 printed commutators, potentiometer 


windings, slip ring assemblies and 
printed rotary switches, are available 
in a line of standard molded brush 
assemblies or can be designed to cus- 
tomer’s specifications. 


MPEDANCE (OHMS) 


Advantages include: a complete sin- 
gle or multiple brush assembly; elim- 


STOR IMPEDANCE (OHMS) 


(Continued on page 158) 


‘ 20 50 100 200 "500 ~ si " piaeees’ ~ ieee yas 7 500 1000 — 2 
POWER OU U (MILL T POWER OUTPUT (MILLIWATTS) 
CHICAGO STANDARD TRANSFORMER CORPORATION Pas 6 he 
3506 ADDISON STREET e CHICAGO 18, ILLINOIS 
Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13 N.Y. 


Visit us at WESCON—Booth 1325. 
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These mill motors ate up brushes 


"til the ATIONAL brush man stepped in! 


TRADE MARK 


The mill motors in this eastern taminants, is standard on these mill motors. 
steel mill were extra hard on “Cal” Callaway and his fellow “National” Carbon 
brushes says “National” Carbon Brush Men have been helping plants solve brush prob- 
Brush Man, A. S. Callaway. lems for years. Their experience and training—backed 
5 An unavoidable contaminant by National Carbon’s long term brush development— 
A$. CALAWAY —_ seemed to eat up every brush tried make them top consultants on any brush problem. 
by the mill. Only one brush proved capable of with- Call your “National” Brush Man today. Or write 
standing this condition: “National” Brush Grade N-6. National Carbon Company, Division of Union Carbide 
Naturally, the N-6, with its ability to withstand con- Corporation, 30 East 42nd Street, New York 17, N. Y. 


PET Site) .| 
National”, "N” and Shield Device, and “Union Carbide’ are registered trade-marks of Union Carbide Corporation CARBIDE 
NATIONAL CARBON COMPANY ° Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. Im Canada: Union Carbide Canada Limited, Toronto. 


AUGUST 1958 Circle 161 on page 17 155 





WELDING— No blistering of plating in the weld area 














PUNCHING— No fraying or chipping around edges of punched holes 


wos BE Ga : an 


a 


ELECTRICAL MANUFACTURING 





RelE fabricates REYNOLDS 
New Silver Plated Bus Bar 
with ease 


Punching, Forming And Welding Operations 
Performed After Plating With Positive Results 


sive bus system to be used in a large 
electro-chemical installation. Note that 
the aluminum bus bar is punched, formed 
and welded without damage to the plated 
surface. There is no fraying or chipping 
around the edges of the punched holes. . . 
no breaking or peeling at bends . . . no 
blistering of the plating in the weld areas. 

Reynolds Silver Plated Aluminum Bus 
Bar was used for three important reasons: 


ee Mos . ] Plated aluminum bar is lower in cost 
* than equivalent copper bar. 


The silver plating of aluminum bus bar by Reynolds is a 
factory process designed and controlled to provide the 
quality of plating required. 2. 


I-T-E Circuit Breaker Company’s, R & IE 
Division at Greenburg, Pennsylvania has = 
put their fabricating know-how to work on 
Reynolds new Silver Plated Aluminum 


Plating provides for simple, inexpen- 
sive, reliable electrical connections. 
Reynolds is the first commercially 
available plated aluminum bar with 
established quality standards. 


Bus Bar with significant results. Their 
techniques and the characteristics of the 
Reynolds product assure economy and 
efficiency in bus systems. 

Photographs on the facing page show 
how R & IE performs various fabricating 
operations on plated bus bar for an exten- 
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For details and availability data write today for 
new brochure, “Reynolds Silver Plated Aluminum 
Bus Conductors”, Reynolds Metals Company, 
P.O. Box 2346-ED, Richmond 18, Virginia. 

For assistance from Reynolds Engineering 
Service call your nearest Reynolds office 

or write to the above address. 


And, now, R & IE also knows that this 
plated bus bar can be fabricated by their 
time and labor saving techniques without 
damage to the plated bar. It is possible to 
produce high quality aluminum bus bar 
systems for large installations quickly, 
effectively and economically. 


The Finest Products 
Made with Aluminum 


REYNOLDS ALUMINUM 


Watch Reynolds All-Family Television Program ‘‘DISNEYLAND”, ABC-TV. 


Circle 162 on page 17 





2A. TAP-LOK® INSERTS 
self-tapping saves time 


Where time is money, the rapid installation of 
Tap-Lok Inserts is a vital feature. Only two opera- 
tions are necessary: drill the hole, and install the 
insert. Nothing could be quicker, simpler or more 
satisfactory in results 


With the Tap-Lok Insert you eliminate a separate 
tapping operation time-consuming hole prep- 
aration staking and other secondary operations 


occasional accidental crossing of threads 


Tap-Lok Inserts are available in the Regular Series 
in short and regular lengths, with Class 2B internal 
threads. Manufactured to MIL MS 35914. They are 
also obtainable in the H Series, in short, 

medium and regular lengths, with Class 

2B or 3B internal threads (acceptable 

for aircraft applications) 


Also manufacturers of Groov-Pins for positive locking press fit 








Send for Tap-Lok Insert folders and specification sheets 
1128 Hendricks Causeway, Ridgefield, N. J. 


TWX: Cliffside 26 


GROOV-PIN 


Representatives in principal cities throughout the U.S. A. 


IN CANADA: Metal and Wood Fastening Devices Co. 
60 Lokeshore Road, Valois, Montreal 33 


CORPORATION 
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Let HEVI-DUTY Saturable Reactors 
control your power requirements 


HEAT TREATING FURNACES HEE Visi 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 


Hevi-Duty Saturable Reactors are used for the 
manual or automatic control of power to a load. 
Loads such as electrically heated equipment, 
motor starting circuits, test boards and many other 
industrial power uses are ideal applications. 


By changing the magnetic characteristics of the 
reactor core, the impedance can be varied by 
means of a direct current control winding. This 
feature provides: 


1. Stepless control in the AC power circuit. 


2. A wide range of control with smooth and 
even adjustment over the entire range. 


3. Small voltage drop in reactor at full satu- 
ration, permits 90% of the line voltage to 
be applied to the load. 


The Hevi-Duty Reactor is a compact unit re- 
quiring a minimum of mounting space and is 
sturdily constructed to give years of dependable 
service. Each reactor is rigidly tested to meet 
or exceed NEMA Standards. If you have a 
Saturable Reactor application, Hevi-Duty engi- 
neers will be glad to design or assist you in 
selecting the proper size for your particular ap- 
plication. For additional information on Hevi- 
Duty Saturable Reactors, write for Bulletin 500 
today. 


ELECTRIC EXCLUSIVELY 
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ination of welding or soldering; uni- 
formity of desired gram pressure; 
reduced inspection costs; use of pre- 
cious metal alloys. The J. M. Ney Co., 
Box 990, Hartford 1, Conn. >535 


FLAME-RESISTANT 
VULCANIZED FIBER 


Material is designed for mechanical 
applications where flame-resistance and 
self-extinguishing qualities are impor- 
tant. Flame-resistance results from an 


additive that completely penetrates the 
material, making it flame-resistant 
throughout. 

Flame-resistant fiber does not have 
the good electrical properties associated 
with standard vulcanized fiber. It is 
not recommended for use where arc 
resistance is important because, al- 
though it will not ignite at the break- 
down point in arcing, it will carbonize 
and permit conductance. 

Photo shows only slight charring of 
flame-resistant fiber after being sub- 
jected to flame estimated at 1000 C for 
30 sec. National Vulcanized Fibre Co., 
1058 Beech Street, Wilmington 99, 
Del. ->536 


CUT-OUT COUPLING 


Overload protection, increased misalign- 
ment capacity and ease of maintenance 
are features of cut-out coupling, which 
combines standard gear coupling with 
cut-out. 

Increased misalignment capacity pro- 
vides for slight parallel misalignment, 
angular misalignment or combination 
of both. Increased stresses and loads 
on connected equipment caused by mis- 
alignment can be prevented by careful 
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COBBLE BROS.’ controls were 
designed around Clare Relays 


“The most important reason Clare Mercury -Wetted -Contact 
Relays were chosen as the basic components for this control is 
their reliability.” 

Assurance of billions of trouble-free operations caused engineers 
of Cobble Bros. Machinery Co. to design their electrical control 
system around Clare HG relays. 

There are 120 Clare HG Relays in controls of the Cobble 
Yardage Tufting Machine shown. They receive impulses from 
120 electrical contact fingers as they “‘read’’ the pattern. The 
relays operate electro-mechanical clutches to translate these im- 
pulses into intricate carpet designs. 

Reliability means freedom from costly maintenance. If, like 
Cobble Bros.’ engineers, you want only the best for your design, 
let us tell you ALL about Clare Mercury-Wetted-Contact Relays. 
Address: C. P. Clare & Co., 3101 Pratt Blvd., Chicago 45, Illinois. 
In Canada: C. P. Clare Canada Ltd., 2700 Jane Street, Toronto 
15. Cable address: CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 








Yarn control of the Cobble 
Bros.’ Tufting Machine is 
dalcolere]am=i(-1e1 ta (orl morelale-lort 
fingers which transmit impulses 
to 120 CLARE RELAYS each 
controlling two electro- 
nat- le fal-)¢(ome 10) cola l-t-m 


2 
ates: | 


Each relay is housed with a 
transistor in this modular type 
Visti em Mal-Muntelelel(-Mi-maat-lam o)ielere[-r0) 
into the control system. 


NY ela law 1a 
120 and 122 





installation. Works regardless of direc- 


* 
ti f rotation. 
po You NEEDAC/CO/NGUO/? | viata eens 
ved f aintenance, where formerly 
FOR FINISHING WIRE LEADS ier isis ar hheen eit as bomen. 


John Waldron Corp., River Rd., New 


WITH TERMINALS ATTACHED? Brunswick, NV. J. >537 


SEALED SUBMINIATURE 
SWITCH 


Type SS subminiature  snap-acting 
switch is for use in applications where 
small size, reliability, safety in explosive 
atmosphere, and sealing against mois- 
ture, dust. and splashing liquids are 
essential. 


Flexible bushing 











Has flexible bushing compressed 


NEW ARTOS J : | around pin actuator inside phenolic 


case. Case halves are bonded together 


‘ , . og, Se 8 :: making switch moisture-proof, dust- 
TA-20-S : ees proof, and explosion-proof (MIL-E- 


\ \ f | 5272). Interchangeable with switches 

Performs ™ = 4 that conform to drawing MIL-25085-1. 

> 3 Electrical rating: 5 amp 125, 250 

4 Ope rations rae volts a-c; 5 amp 30 volts d-c, resistive ; 

: | 214 amp 30 volts d-c, inductive. Unimax 

; | Switch Div.. The W. L. Maxson Corp., 
Automatically! | Ives Rd., Wallingford, Conn. > 538 


Artos TA-20-S 
with guard raised 


FREQUENCY-TO-VOLTAGE 
TRANSDUCER 


. Strips one or both ends of wire from 1/e’’ to 1”’. MC line of Magacycler precision trans- 


. Measures and cuts solid or stranded wire 2’ to 250” in length. 


ducers provides extended linearity and 
high temperature insensitivity. Con- 
verts pulse rate to directly propor- 
tional d-c voltage or current. 

. Marks finished wire leads with code numbers and letters. (Available Static components give full range 
as optional attachment.) linearity of better than 0.5 per cent 
with as low as 0.1 per cent linearity 


. Attaches any prefabricated terminal in strip form to one end of wire. 
(Artos Model CS-9 attaches terminals to BOTH ENDS OF WIRE 


simultaneously.) 


PRODUCTION SPEEDS up to 3,000 finished pieces per hour. 
Can be operated by unskilled labor. Easily set up and adjusted 
to different lengths of wire and stripping—die units for different 
types of terminals simply and quickly changed. 


ENGINEERING CONSULTATION .. . recommendations without ob- 
ligation. Special adaptations made to fit requirements of your 
product. Machines for all types of wire lead finishing. 
VisiIT US 
WESCON SHOW, L.A. | WRITE for FREE Bolletin No. 655 on Artos TA-20- 


BOOTH 324 World Leaders in 
Automatic Machines for Finishing Wire Leads 











2741 South 28th Street ° Milwaukee 46, Wisconsin 
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mass tape 
and cloth 


In Varsil $R1036, a long-sought electrical 

insulation becomes a reality: A pressure-sensitive 
silicone rubber tape perfect for Class H 

applications involving high heat and unusual 
mechanical demands. Varsil $R1036 is made by 
impregnating glass cloth with Union Carbide** Type 
K1605R silicone rubber. The glass base renders 

high mechanical strength; the silicone rubber imparts 
excellent electrical properties. These include power 
factor, dielectric constant, and dielectric strength. 

A natural tackiness causes adjacent layers to bond 
instantly at room temperatures. Elevated temperatures 
appreciably strengthen the bond. An interleaving 
layer prevents bonding before use. Varsil $R1036 is ® Agents in all 
supplied on bias-cut and straight-cut glass cloth in tapes _ principal cities 
or full width. It is also available unsupported. 


FULLY CURED-— 
PRESSURE SENSITIVE 


FUSIBLE WITH HEAT 


REVERSION RESISTANT 


HIGH HEAT 
RESISTANCE 


© Complete test data 
available on request 


DISTRIBUTORS 
Seka cote Compete: celcmeme Gay: Olin New Jersey Wood Finishing Company 


Roririent taeviation Suppton, ine., Attasta, Ca. MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


Hanna & Ferguson, Rochester, N. Y. 
WOODBRIDGE, N. J. 


Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 

Chicago, Ill Cleveland, 0. Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Dayton, O. Milwaukee, Wis. Varnished “‘Fiberglas"’t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Detroit, Mich. Pittsburgh, Pa. Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
J. F. Kerrigan & Company, Hamden, Conn. Synthetic Resinous Tapes and Extruded Tubing Rag Paper and “Mylar'’* Polyester Film 
C. D. LaMoree, Berkeley, Calif. Cable Wrapping Tapes Asbestos Paper and “Mylar’’* Polyester Film 
Los Angeles, Calif. Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar’’* Polyester Film 
W. R. Punt Company, Floral Park, N. Y. “VARSIL” Silicone Varnished “Fiberglas"’t Vartex Varnished “Fiberglas"?t and 
Cloth and Tapes “Mylar’’* Polyester Film 
Seattle, Wash. Special combinations available upon request 





C. E. Riggs, Inc., Portland, Ore. 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y. 
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* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
**The term UNION CARBIDE is a registered trade-mark of Union Carbide Corporation. 
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FROM ASSEMBLY START TO FINISH, HUBBELL PRECISION SCREWS ARE 
USED IN THE TYPE J2S WATTHOUR METER MANUFACTURED BY 
SANGAMO ELECTRIC COMPANY, SPRINGFIELD, ILLINOIS. 











EL} WITH HUBBELL 


PRECISION-QUALITY MACHINE SCREWS 


Each of the twenty-five Hubbell machine screws 
shown at left are vital components in this Sangamo 
Type J2S Watthour Meter. Each shares the re- 
sponsibility for keeping the assembly operation flow- 
ing smoothly, and each makes its own contribution 
to the overall dependability and accuracy of the 
unit. All along the line the advantages of Hubbell 

recision screws pay off. Clean threads, well formed 
Coane deep, clean slots, uniform size. . . all of these 
quality features help to secure Sangamo quality 
and reduce assembly costs. 


Here again, experience proves that the finest ma- 
terials and components are always lowest in cost 
to service. Are you putting this time-tested principle 
into practice? Start today by specifying Hubbell 

— fasteners. Prices and delivery on request. 
imply send blueprint or sample of the item. 





.-.and don’t overlook 
these premium miniatures 

. .. the finest obtainable . . . 
available in steel, stainless steel 
or brass; and in head styles and 
sizes to meet your requirements. 


HARVEY i 60 
HUBBELL, inc. 


YEARS’ 
EXPERIENCE 
in the manufacture of 
highest quality,rolled 
thread machine screws 
and special 


on request. Temperature variations of 
under 100 ppm are standard. Red Line 
Magacyclers have temperature sensitiv- 
ities of under 50 ppm from —60 to 
+-100 C. Standard outputs available: 
0—5 volts d-c filtered, 0—200 pamp 
filtered, and 0O—1 ma unfiltered. 
Applications include telemetering, 
frequency control, speed control, wave 
meters, pulse rate indicators, flow 
measurement, frequency monitoring. 
Pioneer Magnetics Inc., 5858 Wilshire 
Blvd., Los Angeles 36, Calif. —>539 


HUM-FREE SOLENOID VALVES 


Type “B” series hum-free vibrationless 
solenoid valve has been designed for 
use in applications where transmission 
of vibrations from ordinary a-c sole- 
noid valves is a source of annoyance 


pat. 


or cannot be tolerated because of 
safety or accuracy factors. 

Full port valves will handle liquids 
not injurious to bronze at tempera- 
tures up to 212 F. 

Solenoid is operated through a rec- 
tifier supplied with valve. Available 
for use with 115 volts, 230 volts, 24 
volts, a-c. Supplied in either normally- 
closed or normally-open type. Magna- 
trol Valve Corp., 67 Fifth Ave., Haw- 
thorne, N. J. >540 


HIGH TEMPERATURE 
TRIMMER 


Type RTW is a rugged wire-wound 
trimmer with 25-turn lead-screw ad- 
justment. Resistance range 50 to 100 
k ohms. Application of these trimmers 
is from —55 C to +225 C. Dual 
stainless-steel contacts on winding and 
slip ring and precious metal take-off 
and end tabs contribute to reliability. 

Power rating 1.0 w at 75 C derated 
to zero at 225 C. Choice of terminals 


HIGHEST QUALITY 
WIRING DEVICES *¢ MACHINE SCREWS 


cold headed parts. available as standard, either as tinned 


lugs, Teflon-insulated leads or tinned 
printed circuit leads. Rotation beyond 


E ‘ 
RAE SRE SAREE stop protected by safety override de- 


BRIDGEPORT 2, CONNECTICUT 
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NEW BRASS 
SPEEDS FINISHING operations for 


Park Sherman Co.—Formbrite, Superfine-Grain Drawing 
Brass by Anaconda, reduces polishing time—cuts cost up 
to 50% — gives clean, easy formability. 


TO THE PARK SHERMAN CO., Springfield, Ill., finishing operations THE COveR of this Park Sherman Silent Butler is 
are important in giving its line of fine brassware sales appeal—are also now made of Formbrite, Anaconda’s Superfine- 
weighty cost factors. Switching from ordinary drawing brass to Form- Grain Drawing Brass. Polishing operations in prep- 
brite, Park Sherman boosted production on the tray of this “Merry-Go- aration for chromium plating are 50% faster than 
Round” Bar—25% in the cutting operation—42% in finish buff. with ordinary drawing brass. 


PRODUCTION INCREASED 47% in finishing operations on this Park THE sSecreT of Formbrite’s superior polishing char- 
Sherman Sta-Put ashtray after the shift to Formbrite. Products shown acteristics is its superfine-grain. Micrographs (75X): 
are only three of many Park Sherman products now made of Formbrite. left, Formbrite; right, ordinary drawing b 


Wherever finishing is an important cost factor in formed or FORM BRITE’ 

drawn products, Formbrite in sheet and strip is designed to 

save you money. In brass wire alloys for cold-heading and SUPERFINE-GRAIN DRAWING BRASS 
upsetting, it gives a stronger, springier, more abrasion-resist- 


a product of ® 
ant product. For more detailed information, write for Publi- 
cation B-39. Address: The American Brass Company, Water- 


bury 20, Conn. In Canada: Anaconda American Brass Ltd., 


Tass. 


New Toronto, Ont. ne Made by The American Brass Company 
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SUPER-TEMP makes teflon insulated wires and cables perform to all 
kinds of tricky specifications... with wide margins of reliability. But the 
performance our customers like best is the SUPER-FAST DELIVERY. 


Need it fast ... see us first .. . SUPER-TEMP’S management team 
will take personal interest in your problems. 


SuperTewp 


American Super-Temperature Wires, Inc. 
26 West Canal Street, Winooski, Vermont * University 2-9636 


HIGH QUALITY 
TEFLON* INSULATED 
Magnet Wires 
Hook-up Wires 
Miniature Cables 
Jumbo Cables 
Lead Wires 
Lacing Cords 
Tubing 
Specialty Wires 


TEFLON TAPE 
PRODUCTION FACILITIES 


FREE 


36 Page ame 
Contains Valuable Data 
ond Specifications 


General Sales Office: 195 Nassau St. « Princeton, N. J. « Walnut 4-4450 


Agents in principal electronic manufacturing areas 


AMERICAN SUPER-TEMPERATURE WIRES, INC. 
26 West Canal Street, Winooski, Vermont 


(CO Rush 36 page Catalog 
(0 Send Sample of 





(wire or cable required) 


NAME 





ADDRESS 





CITY & ZONE 








*Du Pont’s Polytetrafluoroethylene 
See us at the WESCON Show—Booth 1801 
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vice—max end stop torque 2 oz-in. 
Technology Instrument Corp., 531 Main 
St., Acton, Mass. > 541 


SYNCHRONOUS REVERSIBLE 
MOTOR 


Size 11 airborne-type synchronous re- 
versible motor can be connected to 
either 60 or 400 cycle operation. Pull- 
out torque at 60 cycles and 1800 rpm 
is 0.15 oz-in. and at 400 cycles and 
12,000 rpm is 0.085 oz-in. 


This is achieved by using a 1.0 pl 
capacitor for 60 cycle operation or a 
0.1 pf capacitor for 400 cycles. Input 
voltage is 115 for both 60 and 400 
cycles. 

Type 11A-8011-01 is a 60-cycle motor 
designed to meet MIL-E-5272, is rated 
at 12 w input and weighs 4.25 oz. John 
Oster Manufacturing Co., Avionic Div.. 
1 Main St., Racine, Wisc. >542 


ELECTRO-HYDRAULIC 
SERVO VALVE 


Line’ of 
servo 


electro-hydraulic 
features fast 
low internal friction, minimum null 
shift, faithful reproduction of small in- 
put signals and insensitivity to varia- 


compact 


valves response, 


tions in temperature and load or sup- 
ply pressures. 

Valve is a proportional flow control 
unit. Consists basically of a dry coil 
torque motor, a hydraulically-balanced 
flapper-type pilot valve, a 4-way slide- 
type power valve and a flow meter 
feedback loop. 

Total envelope for each model ap- 
prox 2% x 2144 x 234 in. (less than 
10 cu in.); weight about 11 oz. Op- 
erate at ambient temperatures from 
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MINIATURIZED 
military type CAPACITORS 


Ps 


ar 
OG 
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Pa 


CRITICAL 


SANGAMO TYPE S$ 
APACITORS 


HERMETICALLY SEALED PAPER TUBULARS 


These high reliability subminiature capacitors are encased in brass 
tubular metal cases, hermetically sealed with Sangamo’s exclusive 
“INNERSEAL” glass-to-metal terminal that gives utmost protection 
against leakage under severe operating conditions. 


Sangamo Type S Capacitors meet the performance requirements of 
MIL-C-25A, MIL-C-14157A, and MIL-C-26244USAF. For design convenience, 
several choices are available with regard to tolerances, circuit assembly, 

lead styles, mounting brackets, insulating sleeve, and inductive or 
non-inductive sections. Engineering Catalog No. 2421 gives complete 
information. Popular styles and ratings are available from stock. 


SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS 
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New Designs 
in Motors from 


VARIABLE SPEED SUB- 
FRACTIONAL DC MOTOR 


This new motor— Model RBD-25 
—is available in two standard 
units: RBD-2505 with a rating of 
0.5 oz. inches; and RBD-2510, 
rating 01.0 oz. inches. Both oper- 
ate at speeds up to 1800 RPM 
with input of 24 to 115 V.D.C. 
This is a shunt wound motor and 
speed can be varied by changing 
armature voltage. 


SYSTEMS DEVELOPMENT 
MOTOR KIT 


Designed primarily for research 
laboratories and engineering 
departments, this kit makes it 
possible to determine the prop- 
er servo, torque or synchronous 
motor required for instrumenta- 
tion and automation applications. 
Eliminates the need for purchas- 
ing sample motors for testing. 
Contains all the necessary motors 
and components to assemble — 
with bench tools only—32 dif- 
ferent motors. 


2-SPEED REVERSIBLE SUB- 
FRACTIONAL AC MOTOR 


Model RBC-2514. Available with 
basic speeds of 1800 RPM and 
3600 RPM and with standard 
gear reductions from 3:1 to 
3600:1. Basic torque ratings for 
continuous duty at 115 volts, 60- 
cycles; 3600 RPM synchronous 
range from 0.15 to 0.5 oz.inches. 








saga 


—65 to +450 F and fluid tempera- 
tures from —65 to +400 F. Pesco 
Products Div., Borg-Warner Corp., 
Bedford, Ohio. >543 


VINYL-METAL LAMINATE 


Laminol vinyl-metal laminate is avail- 


| able in aluminum and steel base sheets 
| to 32 in. x 144 in. and coils to 32 in. 


wide. 
Utility grade of pre-plated steel, 


| called C-grade, also available in plated 
| finishes of chrome, nickel and copper. 


Sheets to 24 in. x 96 in., coils to 24 in. 


| wide and flat strips to 44 in. or wider 


up to 96 in. long. 

Also available is brass-plated steel 
in 2 grades: premium in 24 in. widths, 
and standard in 32 in. widths. Both 
grades carry heavier plating thicknesses 
than previously available. American 
Nickeloid Co., Peru 3, Ill. >544 


| 20 CPS—10 MC POST- 


AMPLIFIER 
Model Millivac VS-102A post-amplifier 


| has gain of 300, frequency response of 


20 cps—10 mc and max output of 28 
volts peak-to-peak. Output impedance 


| adjustable between 35. and 130 ohms 


to match various transmission lines. 
Used to increase output voltage and 
output power of continuous wave gen- 


| erators and sweep generators, to make 
| possible alignment of amplifier output 


stages at their true high operating 


| signal level. 


Capacitive loads as high at 100 pyf 


| have practically no influence on output 


For more information, write, 
or use Readers’ Service Card. Cities throughout the World 


HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 


125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 


Sales — Service Representatives in Principal 
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NOW...from “Ira ngitron 


the world’s 


FASTEST DIODES 


for milli-microsecond switching! 





Here at last are diodes suitable for extremely 
high speed transistorized computer circuitry. These 
diodes offer you the convenience and simplicity of 
conventional types — but they are on the order of 
50 times faster! Produced and priced for computer 
use, they are intended for critical applications at 
normal transistor bias levels. 

The S570G germanium diode has optimized 
switching characteristics in the region below 10 
milli-microseconds. Total stored charge after a 
10ma forward current is less than that of a 3pf 
(micro-microfarad) capacitor at 6 volts! German- 
ium type S555G obtains better D.C. characteris- 


Type $570G, 
measured in EG&G TW Oscilloscope 


‘Trangitron 


electronic corporation 





SS 


Transistors 


Diodes Regulators 


tics at some sacrifice of speed. The S266G is a 
bonded silicon diode intended for use in high tem- 
perature high speed equipment. Low leakage cur- 
rent makes it useful also as a pulse stretcher. It is 
typically faster than any of the presently available 
silicon diffusion diodes and silicon transistors. 

These new diodes can reduce the number of 
transistors in circuits. They may be used to sim- 
plify coupling and logic design, reducing depend- 
ence on critical timing and synchronization. For 
example, difficult DCTL circuits may be made 
DCDTL with no loss in speed. Available now, 
these diodes will open many new frontiers. 


GERMANIUM 


$570G $555G 

Recovery time 002 .006 
(10ma l¢wa, 

6V Inverse to 

3ma Inverse 

with 120 ohms 

resistive load) 

Forward 

voltage drop 

@ 10ma 
Inverse current 

@ —6 volts 
Maximum 

inverse 

voltage rating 
Maximum 

temperature 


wakefield, massachusetts 








SILICON 


$2666 
.004 usec max, 


1.5 volts max. 


1.0 «a max, 


8.0 volts 


150 °C 


SEE US AT THE WESCON SHOW-—BOOTHS 1567-68 
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e Output: 35KV = « -25KVA continuous duty 

e Corona-free e Vacuum—oil filled 

¢ Equipped with special brackets for pole mounting 

The outdoor potential transformer, a new member of the well-known 

family of NWL custom-built Transformers, is made to fit the particular 
needs of the user. Each Nothelfer transformer is individually tested for core 
loss, polarity, voltage, corona, insulation breakdown and aging 
characteristics and must meet all customer's requirements before shipment. 
We shall be glad to receive your specifications and quote you accordingly. 


ESTABLISHED 1920 


t= 
< NEMA} 
a, SAY: NO—TEL—FER 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455,Dept. EM-8, Trenton, N. J. 


(Specialists in custom-building) 
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voltage of this amplifier at its upper 
10 me frequency limit. Millivac In- 
struments, a Div. of Cohu Electronics, 
Inc., P. O. Box 997. Schenectady 3, 
ee € >545 


MINIATURE WIRE-WOUND 
CONTROL 


Miniature wire-wound control designed 
for high-temperature service is avail- 
able in hermetically-sealed construc- 
tion. High-temperature solder seals on 
case prevent breathing and resultant 
entry and condensation of moisture 


Connections to element are made by 
ceramic or glass-to-metal feed-through 
terminals. 

Designed to meet requirements of 
MIL-E-5272, unit is suitable for am- 
bient temperatures as high as 250 C. 
At 200 C ambient, is rated at 2.5 w. 

Available in linear tapers from 10 
to 20 k ohms, and in standard toler- 
ance of +5 per cent. Shaft is 4% in 


| diam, with %4 in.-32 threaded bush- 


ing. P. R. Mallory & Co. Inc., Indian- 
apolis 6, Ind. >546 


SUBMINIATURE 4PDT RELAY 
Relay No. 5000 has been designed to 


meet requirements for airborne, missile 
and computer applications per MIL- 
R-5757C, MIL-R-6106C, and MIL-R- 
25018. 

Combines functions of a dry circuit 
relay with those of a high current 
relay, from one microamp at 5 mv 
to a 5-amp resistive load (10 amp 
available on special order). Unit is 
% x Ye x 1% in. Electro-Mechanical 
Specialties Co., Inc., 1016 No. Highland 
Ave., Los Angeles 38, Calif. >547 


(Continued on page 170) 
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the choice of experts... 


FOR BETTER PERFORMANCE 


Experts choose Dutch Brand Plastic Tape - 


... it’s dependable. That’s because it’s safe, 
resists up to 9,000 volts. And it’s easy to 
use... conforms neatly and snugly to ir- 
regular surfaces, yet has what it takes to 
stick around in the tight spots. Econom- 
ical, too ... Dutch Brand Plastic Electrical 
Tape protects against corrosion, is weather 


ne 


Pp 
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and water-proof, resists mildew and fungus. 
Try the choice of experts . . . next time ask 
for Dutch Brand. It’s available in the sizes 
and widths to meet your requirements. 


Johns-Manville Dutch Brand Products, 
7800 South Woodlawn Avenue, Chicago 
19, Illinois. 


JM Jouns-MAnvVILLE 
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166 PLASTIC 


ELECTRICAL TAPE 


THE TOUGHEST 
ELECTRICAL JOBS - DUTCH BRAND PLASTIC TAPE 


Write for booklet ! In the 


market for new ideas on 
tape as a time and 
money-saver? Send for 
“Big Four in Electrical 
Tapes,” our new booklet. 
Write today! 





Why You Should 


Insist On 
KIRKWOOD 
COMMUTATORS 


KIRKWOOD durable STEEL CORE or 
economical MOLDED CORE commutators are precision 
made for longer, efficient life. They fit right the first time. 

KIRKWOOD steel and molded slip or 
collector rings meet the same standards of quality. You 
can depend on them to run true, eliminating sparking 
and excess brush wear, safeguarding efficiency from 
source to load. 





Send us your prints for estimates on 
new commutator or slip ring designs for special ap- 
plications. 

KIRKWOOD commutators range from 

¥%"" to 50” in diameter. 








ery 
KIRKWOOD COMMUTATOR corp. 


4855 West 130th., Cleveland 35, Ohio 
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THERMISTORS, 
VARISTORS 


INDEPENDENT 
LABORATORIES 


What's behind this quality? — it’s VECO’s 
ever-constant research, development and en- 
gineering program, designed to keep abreast 
of today’s fast-changing industry. Backed by 
one of the country’s largest and finest 
@quipped plants, VECO works hand-in-hand 
with customers to improve existing products 
and develop new applications utilizing Ther- 
mistors and Varistors. 


VECO also publishes technical and educa- 
tional literature to tell customers of the uses 
and characteristics of Thermistors and Varis- 
tors. A new Technical Catalog, covering over 
250 VECO stock items, and an educational 
series entitled ‘‘Meet The VECO Thermistor” 
are available. Write or call for your free 
copy today! 
Also Manufacturers of VECO 
Gas Analysis and 
Chromatography Cells 
Combustion Analyzers 
Temperature-Sensing Devices 


Low Temperature (Lox Probes) 
(Pat. Applied For) 

Tap-A-Therm (Multi-Tapped 
Thermistors) (Pat. Applied For) 

Custom-Built, Constant Temp- 
erature Baths and Controls 

Compactrol (Electronic Controls) 
(Pat. Applied For 


Descriptive literature covering 
each item available on request 


'\ Ag Victory 
ye core 


109 Springfield Road, Union, N. J. 
) Telephone MUrdock 8-7150 





See us at the 1958 WESCON Show, Booth 1734—August 19-22 
Pan Pacific Auditorium, Los Angeles, California. 
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PROPORTIONAL MAGNETIC 
AMPLIFIERS 


Designated the PASA and the PASC, 
amplifiers are capable of proportional 
control of up to 90 w output with 
input power of a few milli-microwatts. 
The PAS5A has a cylindrical case, the 
PASC a rectangular case to meet dif- 
ferent mounting requirements. 


Designed to provide reliable tem- 
perature control systems for such de- 
vices as hermetic integrating gyro- 
scopes in aircraft and missile applica- 
tions. Able to control to temperature 
accuracy of less than 0.5 F. 

Designed for +30 g vibration to 
2000 cps and 50 g shock for 11 milli- 
sec. Weigh less than a pound and 
occupy approx 9 cu in. Operate from 
115 volt, 400 cps sources and are de- 
signed to meet requirements of MIL- 
E-5272C. Magnetic Controls Co., 6405 
Cambridge Street, Minneapolis 16, 
Minn. >548 


HIGH STRENGTH MOLDING 
COMPOUND 


“Scotchply” high-strength molding com- 
pound Type 1100 offers average flex- 
ural strength of 100,000 psi, average 
tensile strength of 40,000 psi, and aver- 
age compressive strength of 38,000 psi 
at normal temperatures. 

Material supplied in dry form, and 
is adaptable to either compression or 
transfer molding processes. Even with 
its high glass content, (66 per cent) 
conformability and fiber flow are good. 
Resin content is 34 per cent by weight. 


(Continued on page 172) 
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3 UNITS IN ir MOUNTING 


NAMEPLATE «++ PnoriionTs ++ SW Unie 


In one compact assembly, this unit provides new 
space and cost economy whether used individually or 
in “‘stacked” arrangement. You get quality appear- 
ance with ‘“‘thumb-size’’ operation. 


TWO-PIECE, PLASTIC NAME-PLATE 
PROVIDES EASY COLOR-CODING; 
SIMPLIFIES OPERATION IDENTIFICATION 


SUP IN CLEAR 
NAME-PLATE “SEE THROUGH” 
(clear PLASTIC 

plastic) 


Ny cojonen riasmic 
bic, Ta 


Viereaity any rating aoe can be identified 
with this push-button name-plate arrangement. The 
snap-in button is easily ed for ion of 
slip-in name-plate. Use of ‘various colored butroa 
bases, or various colored lamps, permits wide range 
of codings and monitoring. 





a“ 


for: MISSILE 


Aer 


ELECTRONIC 


INDUSTRIAL CONTROLS 


modular mounting 


lighted push-button panel switch 


Simplifies Control Panels; Saves Space, Cuts Cost. 
May be used singly or in “stacked” arrangement. 


This new Electro-Snap push-button 
panel switch efficiently combines a 
name plate, pilot light assembly and 
a switching unit in one compact modu- 
lar assembly. The trim, streamlined 
design permits easy “stacking” on con- 
trol panels or consoles. It eliminates 
congestion by replacing three indi- 
vidual units (nameplate, pilot light 
assembly and switch unit). You can 
achieve greater operating efficiency 
and quality appearance while making 
substantial savings in space and cost. 
A wide variety of configurations is 
available in: 


@ circuit arrangements of switch 
and pilot lights 


e colored buttons for color 
coding 


e colored lights for color 
monitoring 
The operating and indicating com- 
binations possible through the varia- 
tion of arrangements provides almost 
unlimited applications for sequencing, 
movement-limit, start-and-stop, posi- 
tion-indicating and similar control 
operations. 
Check the design and construction ad- 
vantages of this significant advance in 
panel switches for your own applica- 
tions. For further details contact your 
local representative or write to: 


ELECTRO-SNAP SWITCH & 
MANUFACTURING COMPANY 
4238W. Lake St. @ Chicago 24, IM 
VA 6-3100 TWX #€G-1400 


@ Snap-in button permits easy lamp 
replacement from front of panel 


e‘Barrier can be color-anodized to 


your specification 


The lighted push-button switch assembly is also available without 
the switch unit for use where only pilot light duty is required. 


VARIETY OF CIRCUIT ARRANGEMENTS PERMITS WIDE RANGE OF INDICATING AND SWITCHING COMBINATIONS 


© tane seit can be wher tadtquadentty of catich aretl—er Reeugh ext 


esi lamps ided, independent external circuits can be indicated Switching Circuits 
oo cae unit with Giferent lamp colors and white pechution, to Meet Your Needs 


Cemplete push-button ii lot-light assembly supplied 
a: any of the three following pd he os 


The double-pole, double-throw 
switching unit may be wired nor- 
mally-open or normally-closed. 


2-Circuit Common Ground Series 


pron ines 


@ 6V. or. 28V. jamps may be used (solder terminals on lamp assembly) 


Switch terminals available 
@ Solder @ Turret 


> We 9 £- Galerie. * Compact 
ELECTRO-SNAP © Space Saving 
UNIT 


@ Double Turret @ AMP quick-disconnect 
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MORE POWER... 
eit We oe 5, les Ae 
HIGHER POWER FACTOR: 


BALDOR 


Streamcooled 


MOTORS 
BALTRIC LINE 


For general use or for specific ap- 
plications demanding the most 
exacting requrements, the Baltric 
line of motors more than fills the 
bill. One reason is the “‘Monocast’”’ Stator shown above. 


Steel laminations in an aluminum alloy casting form a stator 
frame of greater stability ... greater rigidity. This permits 
the use of a new and better slot design. The result is uniform 
magnetic flux distribution throughout the motor—gives more 
power, greater efficiency, higher power factor and quieter 
operation. 


If you’re interested in getting top efficiency from your equip- 
ment while holding costs to a minimum, investigate the 
Baltric line of motors—without obligation! Just write... 


ELECTRIC COMPAN Y 
4353 Duncan Avenue . St. Lovis 10, Missouri 
Over 500 Authorized Sales & Service Distributors in U.S. A. 


District Offices: Atlanta « Chicago « Cleveland « Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn. 
Los Angeles « Milwaukee « Minneapolis ¢ New Orleans « New York « Kansas City, Mo. 
Oakland « Philadelphia e Portland, Ore. « Syracuse. 
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Type 1100 has a bulk factor of 15:1. 
which is readily reduced to 2:1 by 
hand pressure during die loading cycle. 
Minnesota Mining and Manufacturing 
Company, 900 Bush St., St. Paul 6. 
Minn. >549 


TEMPERATURE SENSITIVE 
RELAYS 


Designated NEC2000 series, miniature 
relays incorporate two design tech- 
niques to provide high reliability. First 
technique embodies a_temperature- 
resistive pellet which will change from 
solid to liquid state at specified tem- 


perature. Other technique provides her- 
metic sealing by bonding metal headers 
tc high thermal shock-resistant glass 
housings. 

Applications include overload protec- 
tion for rotating electrical equipment 
and in fire protection systems. 

Current ratings 2, 7.5, 10, 25 and 50 
amp. Exceed requirements of MIL-E- 
5272 with temperature sensitivities of 
120 F to 600 F. Dimensions range from 
14 in. OD x 1.00 in. long to 5 in. OD 
x 1.25 in. long, depending on current 
rating. Networks Electronic Corp., 
14806 Oxnard Street, Van Nuys, Calif- 
ornia. >550 


SELF-TAPPING INSERT 


Four extra sharp cutting edges enable 
the SPEED-SERT to cut its own thread 
as it is rotated into a cored or drilled 
hole, using a simple installation tool 
which fits into a standard tapping 
head. Design of cutting edges provides 
adequate chip flow and prevents chips 
from entering into internal thread. 
Designed for speedy installation into 
aluminum and magnesium alloys and 
plastics to provide a steel thread in 


Standard 
tapping head 


Tool No. STT4 


SPEED-SERT 
Self-tapping insert 


1. Drill and countersink 2. Self-Tap-in insert 
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PRODUCT-DESIGN 


MEMOS FROM DUREZ 


insulative molding compounds 


But what if it rains? 


From time immemorial, weather has up- 
set the military plans of men. In Colonial 
days, wet gunpowder could lose a skir- 
mish. Today, one moisture-affected part 
can nullify months of costly labor on a 
new missile. 

This helps to explain the increasing 
pressure On moisture-resistant insulations 
for electronic parts that must not fail. It 
explains, too, the growing interest in a 
relatively new Durez molding material, 
diallyl phthalate. 

This is the only plastic that retains its 
high insulation values over extended pe- 
riods at relative humidities above 90%. 

Its arc resistance, as measured by 
ASTM D495 (Method A or B) can be 
consistently reproduced. 

It does not corrode metal contact points. 

Because it is a thermosetting material, 
it provides virtual freedom from cold flow 
and creep. 

You can get this material from us as an 
orlon-filled granular blue or green mold- 
ing compound with plasticity values of 10, 
12, or 16 by ASTM D731. It is designed 
to meet the requirements of Mil-M-18794, 
Type SDI-S. 


Official U. S$. Navy photo 


For a data sheet detailing properties of 
the compound and of molded material, 
check the coupon. 


Right for a relay 


Are you taking full advantage of the ver- 
satility of today’s phenolics? 

Consider the example of this new power 
relay produced by R-B-M Division, Essex 
Wire Corporation—a natural application 
for phenolic. 

Designers wanted this relay to be low in 
cost, since it is intended for use in appli- 
ances. A unique feature, hammer-blow 
action on the contacts, calls for a specific 
degree of mechanical strength in the parts. 
Other requirements include high dielectric 
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New idea for control panels 


R-B-M Control Division, Essex Wire Corporation 


strength, stability on exposure to high hu- 
midity, and glossy finish. 

A Durez medium-impact phenolic satis- 
fies all these musts; helps R-B-M to offer 
a rugged, trouble-free product at a low 
price. 

When you're designing electrical parts 
or components, remember that you're 
most likely to find the exact balance of 
properties you need—electrical, mechani- 
cal, and chemical—in one of the more than 
150 Durez phenolic molding compounds. 

Your molder can put Durez versatility 
to work for you. Why not call him in 
early on your next job? 


New duct 
cuts wiring cost 


You can save up to 30% of the cost of 
wiring control panels with this new per- 


Phenolics for a relay 


ARs Se ee BARS kot 


forated material, called “Channel-Duct.” 

Easily installed by means of clips, it 
takes the place of harnesses and solid-wire 
layouts, at a substantial reduction in cost. 
It also simplifies wire-tracing and replace- 
ment, and prevents trouble from vibration. 

Assembly consists of two side members 
punched with 4%” holes, and a solid snap- 
on cover strip. Strips may be sheared to 
any length. 

Made of HETRON® polyester resin, re- 
inforced with fibrous glass, the duct com- 
bines high degrees of flame retardance, 
impact strength, heat and moisture sta- 
bility, and superior arc resistance. 


The Glastic Corp. 


For information on “Channel-Duct,” 
write the manufacturer, The Glastic Corp., 
4321 Glenridge Road, Cleveland 21, Ohio. 

This is just one example of how prod- 
uct designers are using Hetron’s unique 
properties. If you have a product (or just 
an idea) calling for a strong, lightweight 
material with inherent fire retardance, you 
may find some help in a complete Hetron 
data file which we'll be glad to send you. 
Just check the coupon. 


For more information on Durez materials mentioned above, check here: 


C) Diallyl phthalate, 16694 


() Phenolic molding compounds—descriptive bulletin 
[) Hetron resins—technical data file 
Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


U IRE 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 
1308 Walck Road, North Tonawanda, N. Y. 
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A few typical applications of Taylor Vulcanized Fibre 


Carrying Cases 





Motor Insulation Abrasive Discs 














Switch Parts Sliding Door Guides Shuttles and Bobbin Heads; 





Vulcanized Fibre 
Is Versatile 


The applications of Taylor Vulcanized Fibre are many in 
number. This is because of its many unusual characteristics. 
It is a hard, dense material with excellent physical, mechanical 
and electrical properties. It is tough and resilient; has high 
resistance to impact, abrasion, wear, organic solvents, oils 
and gasoline; it can be machined, stamped, punched and 
formed; it is attractive in appearance, light in weight. 


Taylor Vulcanized Fibre is available in a number of different 
grades, in sheets, rolls and turned rods. Undoubtedly you have 
an application where the unique properties of vulcanized fibre 
can be put to work in your product. A Taylor application 
engineer will be glad to discuss requirements with you and 
recommend the best grade to fit them. Get the benefit of his 
advice by contacting TAYLOR Fisre Co., Norristown 37, Pa. 


Taylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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these materials. SPEED-SERTS protect 
against stripped threads and are most 
suitable for salvage and repair of 
stripped threads. 

Available in cadmium-plated carbon 
steel or stainless steel, as well as in 
brass. Newton Insert Co., 6500 Avalon 
Blvd., Los Angeles 3, Calif. >551 


12-CHANNEL RECTILINEAR 
RECORDER 


Model RE-12 features true rectilinear 
motion with good transient response, 
and is free of resonant peaks, over- 
shoot, and ringing. Has a wide fre- 
quency range, d-c to 200 cps, and re- 
cords with ink or electric writing. 


Push button selection permits 18 
chart speeds from 14% cm per hour to 
200 mm per sec. An event marker pro- 
vides one second markings and a foot- 
age indicator shows remaining amount 
of chart. 

Designed for 19 in. rack mounting, 
recorder is 19 in. wide by 1244 in. 
high and 16 in. deep and weighs 56 
lb. Massa Laboratories, Inc., 5 Fottler 
Rd., Hingham, Mass. >552 


CONSTANT SPEED POWER 
DRIVE 


Constant speed power drive is designed 
for computer and control system ap- 
plications. 

Torque of 16 in.-oz can be obtained 
at constant speed of 1000 rpm. Toler- 
ance on speed is of order of +0.1 per 
cent with input voltage variation of 
+20 per cent and input speed of 1100 
rpm +15 per cent. 

Typical unit, Type No. 041-9902, 
measures 444 in. x 2 in. x 2 in. and 
weighs approximately 1 lb. This unit 
utilizes a timing motor requiring 28 
yolts d-c at 3 w. M. Ten Bosch, Inc., 
Pleasantville, N. Y. ->553 


(Continued on page 176) 
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wit RISK LESS TH THAN KILLAR 


nt for Youn ouiginal eledtnical equip “ent oil YOU GET SO 


Every Killark unit oe you these pluses at no plus in cost: exclusive non-rusting MUCH MORE 
and non-corroding Alumalloy construction . . . 60% lighter in weight than iron... 

safe and non-sparking . . . clean threads for faster, easier installation . . . and FOR YOUR MONEY 
smooth interiors that won't skin wire or hands. 


CONDUIT 
popes 0“ a; a 


“o” series | <2 a 











SPEEDOLETS 








EXPLOSION- 
PROOF 
FITTINGS 
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BEARING APPLICATIONS 


Striking cost reductions in bearing applications 

in many mechanical products are made possible by 
the use of Bunting Sintered Powdered Metal 
Bearings and parts. 


Bunting engineering counsel can guide you in 
the selection of designs and alloys that will 
provide bearings of exactly the type, 

design and material that will 

fully meet both cost and 

functional requirements, whether 

the material be Cast Bronze 

or Sintered Metal. 


A competent group of Bunting Sales Engineers in the 
field and a soundly established Product Engineering 
Department put at your command, comprehensive 


data and facts based on wide experience in the 


designing and use of Cast Bronze and Sintered 
Powdered Metal Bearings and parts. 


Write for catalogs and 
your copy of the new 
24 page Bunting 
Engineering handbook 
of Sintered Powdered 
products and their 
composition, 
manufacture and 
application. 


Bunting ‘ 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company «+ Toledo 1, Ohio «¢ Branches in Principal Cities 
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TEFLON-LUBRICATED 
BEARING MATERIAL 


DU self-lubricated bearing material is 
a Teflon fluorocarbon resin, lead, por- 
ous bronze, steel composite. 

Features unusual compressive 
strength (up to 23 tons per sq in.),. 
wear resistance said to be 10 to 100 
times that of other self-lubricated bear- 
ings), low thermal expansion and high 
thermal conductivity, and wide operat- 
ing temperature range from 328 below 
zero te 536 above. United States Gasket 
Co., Plastics Div. of Garlock Packing 
Co., 602 North 10th Street, Camden 
We me >554 


TRAVELING WAVE TUBE 
AMPLIFIER 


Model VA-125, a one megawatt, 2.7-3.0 
kmec TWT amplifier, is intended to cover 
a large portion of S-band without tuning 
and is for use in high-power radar 
applications. With additional drive 
power, can be used interchangeably 


with VA-87 amplifier klystron in sys- 
tems that call for very broad band 
operation. 

X-ray shielding is provided as inte- 
gral part of VA-125 and its accompany- 
ing VA-1503B focusing electromagnet. 
Has a useful bandwidth of 375 mc and 
power gain of 28 db. Pulse beam volt- 
age is 110 kv and pulse beam current 
60 amp. Can be operated at duty cycle 
of 0.002. Varian Associates, 611 Hansen 
Way, Palo Alto, Calif. >555 


PHASE SEQUENCE RELAY 
Phase sequence relay senses phase 
sequence of a 3-phase power supply, 
and operates to close a contact when 
applied phase sequence is A-B-C. 

Unit is fail-safe because relay con- 
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FOR NEW TV-CAMERA DESIGNS 


+See 
4 ; ’ 
ss 
{ 
j 
{ 
} 
4 
4 








5 to 1 
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: EFFECTIVE 
| ets ae SENSITIVITY 
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} +4 siiut } 
vil rs f N BE FACE F AND 
RCA-7038 Provides Higher Effective 
Sensitivity in New Camera Design 


Designed for superior performance in broadcast, industrial, and military TV 
applications, RCA-7038 opens new possibilities in compact camera design for 
live and film pickup—both in color and black-and-white. 


Here is a new Vidicon that can deliver broadcast-quality pictures—with as little 
as 1 foot-candle of illumination on its faceplate. An improved photolayer is 
capable of providing uniform sensitivity—over the entire scanned area. 

All “front-end” parts are non-magnetic to facilitate registration in 
three-vidicon color TV cameras. 


RCA-7038 utilizes a 750-mesh screen. It has a resolution capability of 600 lines, 
and a spectral response covering the entire visible spectrum. 


For a bulletin containing technical data and application information on the 
RCA-7038, write RCA Commercial Engineering, Section H-54-Q, Harrison, N. J. 


Waveform-Oscilloscops 
Output and Uniform Sensitivity of the RCA-7038 


Pattern Showing Signal 


RCA-7038 Vidicon Without Side 
Tip (tube shown actual size) 


Designers of TV cameras are invited to 
discuss their Vidicon requirements with 
their RCA Field Representative—at the 
nearest RCA Field Office: 


Government Saies 
415 South Fifth Street, Harrison, N. J. 
HUmboldt 5-3900 


224 N. Wilkinson Street, Dayton 2, Ohio 
BAldwin 6-2366 


1625 ‘‘K"' Street, N. W., Washington 6, D.C 
District 7-1260 


Equipment Sales 

744 Broad Street, Newark 2, N. J. 
HUmboldt 5-3900 

Suite 1181, Merchandise Mart Plaza 
Chicago 54, II!., WHitehall 4-2900 
6355 E. Washington Bivd. 

Los Angeles 22, Calif., RAymond 3-8361 


RADIO CORPORATION OF AMERICA 


@ Electron Tube Division 


Harrison, N. J. 








th many outstanding 
appliance manufacturers specify 


al 
‘ORNISH- 

Lore — ‘ 
CORD SETS 


MADE BY ENGINEERS FOR ENGINEERS 


CCAS, 


their STYLISTS emphasize decor-harmoniz 
ing COLOR and design their ENGI- 
NEERS demand closer tolerance and ace- 
their PRODUCTION men require 
the ir PURCHASO RS insist 
Mote) ar Lalo Mm olobze) °l-10- bah a-mEt-1 8 all faithfully 
sweet package by CORNISH 


Don't take chances... CORNISH ‘em! 


cal properties 


cation and assembly 


ADEQUATE WIRING BUREAU 








CORNISH WIRE CO., inc 


50 Church Street New York 7, N.Y. 


REPRESENTATIVES 
@ ATLANTA BRIDGEPORT @ CHARLOTTE 
CLEVELAND @ DALLAS DENVER 


@ LOS ANGELES @ MINNEAPOLIS 
@ ST. Louis 








@ CHICAGO 
@ DETROIT 
@ PHILADELPHIA 
@ SAN FRANCISCO @ SEATTLE 
@ Stock carried 


@ CINCINNATI 
@ KANSAS CITY 
PITTSBURGH 

@ WILLIAMSTOWN 


Producers of Quality Wire Products for Home, Farm and Industry 
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tact is normally open. Relay will not 
operate when any lead, or any combina- 
tion of leads, are open and/or 
grounded. Contact is also open when 


| phase sequence is A-C-B. 


Ten-ounce relay designed in accord- 
ance with military specifications and 
for use under severe environmental con- 
ditions. Plug-in connector and mounting 
plate make installation simple. Master 
Specialties Co., 956 E. 108th St., Los 
Angeles 59, Calif. >556 


SINGLE-TURN 
POTENTIOMETER 


Model No. MST-150 is contained in 
standard 15 in. single-turn housing. 
Special attention given to design of 
slider and contact assembly. All ma- 
terials fungus-proof and resistant to 
high temperature. 

Available in high temperature (160 
C) resistant glass—epoxy and anodized 


bug 


aluminum housing. Precision construc- 
tion and Teflon seals assure minimum 
of dust and moisture. Precision (Class 
A.B.E.C.-5) stainless steel ball bearings 
and ground machined surfaces assure 
low torque and long life. All ferrous 
materials are stainless steel with ground 
finish treated against corrosion in ac- 
cordance with MIL specifications. Ana- 
logue Controls, Inc., 39 Roselle St., 
Mineola, N. z. > 557 


DUAL SERVO MULTIPLIER 


Providing a static nulling error of 
0.02 per cent, the DLI-101 dual servo 
multiplier consists of 2 complete servo 
multiplier channels. Each channel pro- 
vides for accurate, reliable multiplica- 
tion of 3 variables by a fourth. 

Its automatic gain control feature 
maintains constant loop gain for ref- 
erence voltage variation in the range 
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because we can’t buy them 


...IT’S AS SIMPLE ‘We had to build Gold-N-Ring Control Switches to meet our own 


high reliability specifications . . . our reputation was a part of 
AS THAT...AND this important fact. We’re machine tool builders. We can’t 
THEY COST NO afford to be responsible for costly down-time on important 

capital investment equipment due to inferior control switches. 
MORE THAN That’s why we build them like precise machine tools . . . and 
OTHER SWITCHES why it will pay you to check with us. 


A wide range of basic units meets practically every need... 
as well as completely assembled stations in 1 to 4 button sizes 
to meet your electrical specifications. Ask our representative to 
call, or send for Bulletin ECS-56 . . . the complete selection 
and ordering guide. 


ELECTRICAL MANUFACTURING DIVISION. 


LIMIT SWITCHES. SOLENOIDS. A full 

A - ry originally de- line of standard and custom THE NATIONAL 
sign for machine tool units for AC or DC. Push 

applications but now used or pull types with capaci- ACME COMPANY 
wherever the highest reli- ties up to 25 lbs. Bulletin 

ability factors are required,  EM-52A. 176 B. 10st SEREST 


Bulletin EM-51, CLEVELAND 8, OHIO 
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between 2 and 100 volts. The 0.6 
second full scale slow speed, the open 
loop gain in excess of 10,000, and the 
0.1 per cent linearity single-turn po- 
ientiometers combine to provide high 
dynamic and static accuracy. 
Composed of “Digitrol” plug-in 
building blocks, it offers maximum 
flexibility and ease of maintenance. 
Electro Precision Corp., Arkadelphia, 
Ark. —>558 


SINE-COSINE 1% MINIATURE 
POTENTIOMETER 


Non-linear sine-cosine potentiometer 
provides 2 accurate and separate 360 
deg sinusoidal voltage outputs. The 2 
output signals are displaced 90 deg in 
phase and represent the sine and cosine 
of shaft rotation angle. 


PROOF 
that you can 


RE1YonGT. ...... 


MODEL A Two-pole, shaded-pole motor —<$—— , 
available in we lamination cer theel ] Standard servo-type mounting pro- 
Proved dependable millions of times over, | vided, but tapped hole mounting can 
it’s the power choice of the nation’s great- = be specified. Special designs available 
name manufacturers . . . setting an amazing ae oes 2 
ies ieee — — ae | ball bearings, bushing mounting and 
pumps. If dependability is your aim, Model ~ | ganging up to 4 cups. — 
“A” is your motor! Useful in radar PPI displays, and for 
- maKueuM Pane | various types of computers. Waters 
' on a oa Standard | Manufacturing, Inc., Boston Post Rd., 


1/500 Ml 3360 i , Shaft Wayland, Mass. >559 


14 3380 va P Diameter 
2.7 3430 460 1817 


3430 -500 








to include following optional features: 


























THREADED RIVET 


y," | Perma-nut is a fastener which combines 
: permanence of a rivet with disassem- 
Diameter , 
R bling features of a nut. 
3520 620 " " hatt Basically a tubular rivet drilled 
aa ae e = Available | through the head with an_ internal 
if thread in head that can be used to 
Required fasten 2 or more elements of a sub- 
assembly as a rivet. Also can assist in 
union of 2 or more subassemblies by 
serving as a nut. 


The head, which includes the thread, 

THE GENERAL INDUSTRIES CO. is such that there are, at all times, as 
many threads as a standard nut of the 

DEPT. GL ELYRIA, OHIO same thread size. In thread sizes from 





3500 530 





3480 550 














7.0 3490 730 





7.5 3490 730 






































Write today for catalog sheet and quantity-price quotations. 
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SANBORN 
SYSTEM 


DESIGNED SPECIFICALLY FOR 
YOUR TYPE OF WORK 


MODEL 276 CHART VIEWER 


Permits convenient, variable speed editing and study of 
Sanborn charts and other types up to 16” wide, 200 ft. long. 
Single control for direction, paper speeds (15” to 100’/min). 
Transparent cursor slides left or right, adjusts for accurate 
alignment with coordinates. 


1- TO 8-CHANNELS, 12 PLUG-IN PREAMPLIFIERS 
150 SERIES 


Features of the “150 series” 
direct writers include: fre 
quency response to 100 cps 
linearity 1% overall; ink 
less recording in true 
rectangular coordinates by 


6-, 8-CHANNELS, FLUSH FRONT RECORDER, 
FREQUENCY RESPONSE TO 120 CPS 


350 SERIES 


heated stylus on plastic 
coated Permapaper charts 
current feedback driver 
amplifier and regulated 
power supply for each chan- 
nel. Recorder has 9 chart 
speeds, 0.25 to 100 mm/sec 
individual stylus heat con 
trols, time-code marker. Up 
to 6-channels can be housed 
in one vertical cabinet 
Amplifiers, recorder also 
available in individual por- 
table cases. 


COMPUTER READOUT... AUTOMATIC PROGRAMMING 


150 SERIES 


“150 series” 6-, 8-channel consoles in 4644" high mobile cabinet. Dual- 
Channel Amplifiers have selectable sensitivity from 0.01 to 10 volts/div. , 
internal calibration 2 volts = 1% freq. response flat to 20 cps. Optional 
Programmer sequences system operation in 20 steps, including recorder 
turn-on, calibration, computer DC level reading, recording for pre-set 
time, turn-off and reset 


New ‘'350” series direct writers 
with compact plug-in preamps 
in modules of up to 4; individual 
power supplies; current feed- 
back transistorized power am- 
plifiers; limiter circuit ahead of 
power amplifiers; velocity feed- 
back galvanometer damping 

enclosed galvanometers. Lin- 
earity 0.2 div. over entire 50 
divisions. Recorder-power am- 
plifier-power supply package 
has 0.1 volt/div. sensitivity, can 
be used separately; pushbutton 
controls for 9 chart speeds 0.25 
to 100 mm/sec; individual 
stylus heat controls; contacts 
for remote control; inkless rec 

tangular coordinate recording 
on Permapaper charts. 


6-, 8-CHANNELS 


850 SERIES 


Compact “850” series direct writers 
use 7” high plug-in preamplifiers in 
modules of up to eight and ‘350°’ 
flush front recorder package with 
transistorized power amplifiers, 
power supply; features velocity feed- 
back galvanometer damping, linear- 
ity 0.2 div. over entire 50 divisions; 
9 chart speeds from 0.25 to 100 
mm/sec controlled by electric push- 
buttons; inkless recordings on Per- 
mapaper charts. Available preamps 
include Servo Monitor (demodulator) 
and DC Coupling. Carrier, Chopper 
Stabilized and Low Level types are 
in development. 


SELF-CONTAINED UNIT PREAMPLIFIERS 
TO DRIVE "SCOPES 
OPTICAL OSCILLOGRAPHS, 
TAPE RECORDERS, ETC. 


Portable ‘‘350” series include 
Carrier, DC Coupling Servo Monitor 
demodulator), True Differential 
DC types; others in development. 
Mount in portable “450” cases or 
in four-unit modules in 19” frame. 
Use individual power supplies. 








PORTABLE INDICATORS FOR STRAIN, EFC, 


Model 150-300/700 Wide Band Amplifier and Power Supply ac- 
cepts “150” series preamplifiers — for use with low power gal- 
vanometers, oscilloscopes, panel meter. Freq. range DC to 10,000 
cps (but limited by particular preamp range). Panel meter has 
center zero scale, 25 divisions each side of center. 


One “450” case and power supply 
can serve any “350” Preamp 


All DATA SUBIECT TO CHANGE WITHOUT NOTICE) 


For complete data, call your local Sanborn Engineering 
Representative or write the Industrial Division in Waltham. 


SANBORN COMPANY 


Industrial Division 


175 Wyman Street, Waltham 54, Mass, 
Visit Sanborn Booths 1454-1455 at Wescon Show 
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5 BIG ADVANTAGES 


Higher Dielectric Retention @ Greater 
Flexibility @ More Heat Resistance @ 
Available in Coils @ Can be After-Treated 


AVAILABLE IN 
FOLLOWING 
NEMA CLASSES : 


CLASS B-A-1 
7000 Volts Average 


CLASS B-B-1 
4000 Volts Average 


CLASS B-C-1 
2500 Volts Average 


CLASS B-C-2 
1500 Volts Average 


Makers of Electrical 
Insulating Tubing 
and Sleeving 


@ Even under the most severe operating con- 
ditions, Varfil Sleeving and Tubing retains its 
average dielectric strength. Twist it, tie it, 
bend it, wrap it, knot it. Remains just as 
pliable as when you started. Won't crack, 

el or suffer dielectric loss. Heat Varfil 2000 

ours at 110° C.—1,000 hours at 125° C.— 
and even for extensive periods at 150° C. It 
won't break down. Can be after-treated in 
baking and varnishing operations. Reacts 
better than other oleoresinous materials and 
synthetic coated tubings. Available in handy 
coils so you can cut the exact lengths you 
need . . . no waste. Standard colors. Wide 
range of sizes. Send coupon today for free 
sample folder. 


EXCEEDS OR MEETS ALL A.S.T.M. SPECIFICATIONS. 





VARFLEX CORPORATION 
504 W. Court Street, Rome, N.Y. 


Please rush free folder containing samples of Varfil Sleeving and Tubing. Also include 
details on electrical tubing or sleeving you suggest using for 





Nome. 


Title. 
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E. 148 St., New York 55, N. Y. 





No. 5 through 10, diameter of head is 
equal to the distance across corners 
of standard nuts. Tubular Rivet and 
Stud Co., Quincy 70, Mass. >560 


| STRAIGHT-THROUGH 


PRINTED CIRCUIT 
CONNECTORS 


Printed circuit connector has been de- 
signed with straight-through terminals 
on male member. Use of these terminals 
places connector body at right angles 
to printed circuit board. 

Designated UPCC-ML series, con- 
nectors have molded bodies of mela- 


mine or diallyl-phthalate mounted in 
aluminum shells and hoods. Silver- 
plated, gold flash contacts are recessed 
and positive contact assured by stain- 
less steel screw-lock elements on outer 


| ends. 


Terminals can be either solder dip 
for “46, ¥e or %4 in. printed circuit 
boards, or solder eyelet or turret-type. 
Insulation resistance over 5000 meg- 
ohms, voltage breakdown over 2500 
volts a-c rms, and current rating 7.5 
amp. Made with 7, 11, 15, 19 and 23 
terminals. U. S. Components, Inc., 454 
> 561 


| MAGNETIC TACHOMETER 


| Tach-Pak requires no warm-up time, is 


designed to convert signal frequency 
from magnetic transducer to d-c pro- 


| portional to frequency and rpm. 


Proximity pickup not attached to any 


| moving system component. For control, 
| monitoring and measuring applications, 
| all units in this Series 5400 have lin- 


earity of 0.25 per cent in ranges from 
0 to 60,000 rpm. 
Available for operation from 115 


ee) goa Poe 


ELECTRICAL MANUFACTURING 





hoover locks tube in, dirt out 
for the lifetime of the bearing 


with contact 
seals of « 


| a. : 
WON, 
y * 


OTHER HOOVER 
QUALITY BALL BEARINGS: 


Hoover is first to seal ball bearings with TEFLON! Hoover . , 
makes sure that lube stays in, dirt stays away from the WES ote, Lonny eaten 
smooth, mirror-like working surfaces of high quality Micro- ® Single and Double Shield 
— eee and --adal Honed Raceways. You get ® Single Row Radial 

atly exten aring life. Loa : 
Why TEFLON for seals? TEFLON is the remarkable new © Combination Felt Seal ond Shield 
product of chemistry . . . extra tough . . . extra long wearing * Double Row 
. . . and so slippery that there is practically no torque © Cartridge 
resistance. Hoover seals are ingeniously engineered to main- 
tain positive contact and improve lube circulation. Perman- NEW! BULLETIN 
ently attached full metal shields lock the seals within the aaiiimnes 
bearing, safe from damage. Heover Beorings 

Usé Hoover Ball Bearings with single or double seals of with Seals of TEF- 
TEFLON for high speed applications, electric motors, or where- LON. To get your 
ever periodic lubrication or maintenance is not practical, pot ol emp 
as in sealed units. They are available in both light and 
medium series. Hoover Ball and Bearing Company 
Ann Arbor, Michigan 
Please mail my copy of Bulletin No. 100 on 
Hoover Bearings with Seals of TEFLON. 


*TEFLON is DuPont’s Trademark for its Fluorocarbon Resins, 
Micro- Velvet and Hoover Honed are Hoover Trademarks. 


Name 


hoower =. 


BALL AND BEARING COMPANY Address 
ANN ARBOR, MICHIGAN City 
SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIFORNIA 
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die cast 


WING NUTS 


GR 


Yes, GRC offers the widest range to choose 
from—hundreds of stock sizes—thousands of 
thread and blank combinations. 

Smart in appecrance with their exclusive 
finger-grip wings, they have smooth-acting 
washer like bosses and oa bright, corrosion- 
resistant, rustproof finish, that can be used 

“as is” or plated. 

Most important, GRC’s unique mass-production 
die casting methods guarantee greater 
uniformity, closer tolerances, clean threads 

. « » and lower cots. 

Ask about other GRC fastenings—die cast, cap 
nuts, thumb nuts and screws, wing screws and 
rivets; molded nylon screws, washers and screw 
insulators ‘ou'll find them most economical. 
Write TODAY for prices and GRC’s 

New Faste ver Cctalog. 


GRIES REPRODUCER CORP. 


World's turemost Producer of Small Die Castings 


149 Beechwood Ave., New Rochelle, N. Y. © NEw Rochelle 3-8600 
Circle 190 on page 17 











“SAND SOCKETS 


P-306-CCT 
Plug. Cable 
Clamp in Cap 


8-306-AB 


Jones Series 300 illustrated. Small Plugs G Sockets for Socket with 


1 Uses. Cap or panel mounting. 
e@ Knife-switch socket contacts phos- @ Metal Caps, with formed fibre lin- 
phor bronze, cadmium plated. ings. 


Bor type Plug contacts brass, cad- 

mium plated, with cross section of @ Made in two to 33 contacts. 

5/32” by 3/64”. 

@ For 45 volts, 5 amperes. Efficient 
at much higher ratings where cir- 
cuit characteristics permit. 


Insulation molded bokelite. 
All Plugs and Sockets polarized. 


Ask for Jones Catalog No. 21 showing complete line of Electrical 
Connecting Devices, Plugs, Sockets, Terminal Strips. Write or wire today. 


See New Developments at the WESCON Show—Booths 401-402. 


HOWARD B. JONES DIVISION 


NEG eee. e Bena Coenen ob pemmenen & 2en © Bele), | 


» 
7 


UNITED-CARR FASTENER 


Circle 191 on page 17 


Angle Brackets. 


volts, 50 to 400 cps and 12 volt d-c 
sources. Airpax Products Co., City of 
| Plantation, Ft. Lauderdale, Fla. 562 
| X-BAND FERRITE CIRCULATOR 


Providing function of transmitting input 
power from one of 4 waveguide term- 
inals to next in sequence, Model X442A 
covers frequency band 8.5 to 9.6 kme. 

Applications include replacement of 
conventional duplexer in radar system. 


Unit isolates transmitter from receiver 
t-r tube by at least 20 db and in most 
cases 25 db, with antenna reflections 
only directed to t-r tube. 

Provides forward insertion loss of 0.5 
db, vswr of 1.20 with all arms term- 
inated, 250 kw peak transmitted power, 
250 w average. Operating temperature 
from —55 to +125 C. Is 8.4 in. long 
overall. Cascade Research, Division of 
Monogram Precision Industries, Inc., 
53 Victory Lane, Los Gatos, Calif. 563 


ILLUMINATION CONTROL 
INSTRUMENT 


Illumination control instrument mon:- 
tors light levels and signals a relay to 
switch lights on or off automatically. 

Designated as Model 1099 Luminaire 
illumination control, it features auto- 
matic operation of light switches with- 
out regard to time of day, temperature, 
or weather conditions, with no con- 
except during 
switching cycle of 30 sec. 

Composed of Photronic _ light- 
gathering cell which continually moni- 
tors light level and generates its own 


sumption of power 





ELECTRICAL MANUFACTURING 
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There’s a new meeting ground 


for electrical insulation facts! 


WHERE: Cleveland, Ohio. 
WHEN: Sepiember 3, 4.5. 


WHAT: the first National Conference on the Application of 
Electrical Insulation. 

Co-sponsored by AIEE and NEMA, this 3-day work session 
is designed to aid the mutual exchange of ideas and technical 
information by maker and user alike. 

It will lead to a better use of existing materials and to better 
direction in the development of new ones. 


ACTIVITIES WILL INCLUDE: 

® Technical sessions on all types of electrical insulation 
materials and their application in rotating machinery, 
controls and instrumentation, transformers, and electronic 
equipment. 
A commercial trade show for electrical insulation materials. 
Technical exhibits by manufacturers of electrical equipment. 
Open forum discussions with a panel of insulation experts. 

Registrants will receive pre-printed copies of all technical 

papers to be presented during the Conference, as well as a 

record of questions and answers of the open forum discussions. 
Make your plans now to attend. 
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NATIONAL 
CONFERENCE ON 


APPLICATION OF 
EGCEC Tet cart 


INSULATION 


29 West 39th Street, New York 18, N. Y. 
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F St ° S ] d current, and a Sensitrol relay which is 
or ampings ta ara... signaled to start control and operate 
load switch, unit contains no vacuum 


For Stampings Right. = tubes, resistors or capacitors. Weston 


Instruments, Div. of Daystrom, Inc., 


Or Stampings Special. be eo Ave., aaa 
The Price is Light... ©) 











STATIC SAFETY INTERLOCK 
Cypak static safety interlock for ma- 
~ chines with dual manual control con- 
Use Any Of Our tains no moving parts and is compact 
and tamper-proof. 
For any dual-controlled machine to 


be ©) “2 S FD be energized, interlock requires that 
S o) Be © : = . “> So -4 ‘ 


GRACKETS METALLIC GASKETS SPECIAL WASHERS CLAMPS ELECTRONIC CHASSIS S®8RAZEO AND BENCH ASSEMBLIES 











Now you can be sure...with a nationally-known stampings service... 
in your area...experienced, factory-trained sales engineers available for con- 
sultation.,.for stampings in quantities one to a million...with the advantages 
of better quality, faster delivery and lower costs. Here's how it’s done: 


A FEW PIECES —at Experimental or Pilot Stage 
! both palm-buttons or other control 
NO DIES! Our Machine Cut Method, applying cus- switches be closed simultaneously. If 
tom-built slitters, cutters, notching dies, slotting dies, either button is released, machine is 
bending tools and stock punches—P.us special techniques stopped and cannot be restarted until 


and skills—produce these small quantities at very low cost. both buttons have been released mo- 
mentarily and then depressed anew. 


Approx dimensions: 5 x 6 x 3 in. 
Input power 117 volts, 60 cycles; out- 


SHORT RUNS put power 250 ma at 6.5 volts, half- 


wave d-c. Westinghouse Electric Corp., 
LOW-COST, SHORT RUN TOOLING! Box 2099, Pittsburgh 30, Pa.  ->565 
This Method produces something more than a few, but 
less than high production quantities. Simple contour dies, 
special purpose presses keep costs way low. Newly ex- 
panded facilities speed deliveries. 


TRANSISTORIZED DECIMAL 
COUNTER 


Transistorized decimal counter on a 
single plug-in card will provide a four 
line 1-2-4-8 output code, with 4 ma 
PRODUCTION RUNS drive available poe each of these 
lines, to do useful work in recording 
MODEST DIE CHARGES on larger quantities! cperations. 
Here is where our regular Production Tooling Method Designed to operate from negative 
applies to advantage...to deliver high quantity Stamp- pulses of approx 2 volts amplitude 


ings, and at lowest possible unit cost. and 1 to 2 psec in duration, and at 
. pe operating speeds from 0 to 150 ke. 


All inputs and outputs are provided 
our 3 methods...one is sure to work out best through a single 18-tab printed circuit 


for you—and your budget. Let us quote your connector. Card measures 5 in. x 6 
next job...including brazing, welding and in. and has wide marginal area on 
assembly, if desired. 


Our service checks your requirements against 


STAMPINGS DIVISION I] BEY | 
“One Piece or a Million” nn) Tk 4 ] ay 


Te METALLIC GASKETS « ‘nil CHASSIS 
LAMINATED SHIM COMPANY, INC. | STAMPINGS 


-+.0n most Bid Lists i BY LAMINATED SHIM CO. SPECIALISTS 
4808 UNION STREET, GLENBROOK, CONN. 





CLAMPS » BRAZED and BENCH ASSEMBLIES 
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ANATHERM can be used at any hottest-spot temperature over the range of 105°C to 155°C. It can save you money... 


More horsepower per pound-— 


First polyester high temperature enamel magnet wire available 
in complete range of sizes—round, square, rectangular. 

Of course you don’t fry eggs on them, but motors are being 
run hotter tod¢ iy. These higher operating temperatures can put 
you on a hot spot with your customers—if motors fail. 

Solution: Anaconda Anatherm Magnet Wire. Anatherm is a 
new polyester film-coated wire—fully tested for use at “hottest 


spot” temperatures up to 155°C. With this new higher level of 


thermal stability, Anaconda Anatherm is the first film-coated 
wire to meet the newly adopted 155°C (AIEE Class F) rating! 
Greater thermal stability—plus excellent abrasion-resistance, 
chemical stability and dielectric strength—make Anatherm ideally 
suited fora variety of applications. It’s especially practical whe 


“ 


r you, Anatherm can mean smaller electrica/ 


ANALAC 105°C IAIEE Clo ee 130°C (AIEE Class B) 


magnet wire } insulated, hi ih he 





equipment 


PLAIN ENAMEL | 








and save you space 
’s yours with 155°C Anatherm 


maximum performance and reliability are required from smaller 
equipment operating at higher temperatures. 

As a polyester magnet wire, Anatherm can be used equally 
successfully at any hottest-spot temperature from 105°C to 155°C. 

Available in standard film-thickness of round wires, sizes 8 to 
46, inclusive, and in a full range of sizes of square and rectangular 
wires. For more information, see the Man from Anaconda. 
See “Anaconda” in your phone book in most principal cities 
naconda Wire & Cable Co., 25 Broadway, N. Y.4, N. Y. 


or write: 


ASK THE ® 
MAN FROM 


ABOUT ANATHERM MAGNET WIRE 


higher operating temperatures. See detai/s on reverse $ 


5‘ Al ass A NYFORM 105°C (AIEE ass A EPOXY 





MAGNET WIRE 


DATA SHEET 


from 


Anaconda Wire & Cable Co. 


IMPORTANT FACTS FOR YOUR WORK... 


...about Anatherm 155°C (AIEE Class F) Magnet Wire 


When proper advantage is taken of Anaconda Anatherm’s higher 
155°C characteristics, electrical equipment can be improved in 
these ways: 


RAISES LIMITING OPERATING TEMPERATURES. Anatherm raises 
limiting operating temperatures to 155°C. This high heat re- 
sistance means extra protection . . . longer equipment life . . . 
wider range of applications. 


REDUCES FRAME SIZE. Anatherm gives more horsepower from 
the same space or the same horsepower from a smaller motor. 
Costs are cut for you, and your customers benefit from smaller 
over-all components. 


INCREASES HORSEPOWER RATINGS. Anatherm is the best of 
the polyesters. Its high heat resistance means higher permissible 
operating temperatures, greater horsepower rating. 


UPGRADING. Anatherm helps upgrade standard equipment. 
Gives added heat insurance through thermal stability. Particularly 
suited for overloads. 


COMPATIBILITY. With polyesters, importance must be placed 
upon a completely compatible system. Varnish manu- 
facturers have recently developed polyester varnishes which 
allow a compatible polyester magnet wire system. A number 
of varnishes other than polyester are compatible with 
Anatherm, but consultation with varnish suppliers before 
use is recommended. 


TECHNICAL PROPERTIES 


Anatherm has unusually high abrasion-resistance. This character- 
istic allows it to be wound on both conventional and automatic 


.d 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 


Please send me a copy of your Anatherm Magnet Wire Booklet. 
NAME & TITLE 
COMPANY 


ADDRESS 


winding equipment. Anatherm offers excellent flexibility and 
adherence properties. It meets NEMA snap test requirements 
and exhibits excellent adherence to the conductor. 


Anatherm maintains its dielectric strength under prolonged 
heating at high temperatures. It consistently exceeds dielectric 
strength requirements for NEMA dielectric twist test. 


Anatherm will resist toluol, VM & P Naphtha, Ethyl Alcohol and 
5% Sulphuric Acid. Anatherm is a polyester and exhibits the 
best characteristics of this class of chemical compound. However, 
all polyesters must be used with certain precautions where 
moisture and/or enclosed systems are concerned. Similar pre- 
cautions must be taken where chlorine-base supporting insula- 
tions, such as neoprene and polyvinyl chloride, are present. 
Polyesters Should not be used in applications subject to exposure 
to concentrated alkalies. 


Anatherm is offered as a 155°C (AIEE Class F) magnet wire 
based on AIEE +57 and #510 test methods. These tests, performed 
by Anaconda engineers, show Anatherm as being capable of a 
30,000-hour life at 157°C in an unvarnished state and the same 
life at 175°C when treated with a silicone or polyester type var- 
nish. Thus Anatherm, when suitably varnished, has reserve sta- 
bilityeven above the 155°C = =_=-5 . ; rp 4 
rating at which it is being 

offered. The thermoplastic 

flow temperature for 

Anatherm, based on MIL- 

W-583A, is very high 

(250°C). Anatherm also 

shows outstanding reten- 

tion of flexibility after ag- 

ing. Wire can be heated 

168 hours at 175°C and 

then wound on three times 

its own diameter without 

cracking. Its heat-shock 

characteristics are excep- 

tionally good for a poly- 

ester wire: Anatherm will 

withstand a 1x mandrel 

wrapat 155°C for one hour. 





Valuable Anatherm Magnet Wire Handbook— 
yours for the asking! 


Latest information... full technical data. 


TEAR OUT FOR YOUR FILE 
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edge for slot mounting in stacked 
packaging arrangements. Navigation 
Computer Corp., 1621 Snyder Ave., 
Philadelphia 45, Pa. >566 


HIGH-PRESSURE SWITCH 


Suitable for burst pressures to 20,000 
psi, the GPP12123-G1 switch can be 
used in corrosive atmospheres with no 
leakage at 6600 psi while subjected 
to temperatures of —65 F and vibra- 
tion to MIL-E-5272A. For use at am- 
bients to 275 F. 


Made of stainless steel, switch al- 
ready used in applications requiring 
subjection to red fuming nitric acid 
vapors. Other versions made of alu- 
minum available for 
12,000 psi. 

Rated at 28 volts d-c, 5 amp resistive 
and 2.5 amp inductive, SPDT. Uses a 
sealed piston pressure sensing element. 
Aircraft Controls Co., Div. Gorn Elec- 
tric Co., Inc., 845 Main St., Stamford, 
Conn. >567 


pressures to 


RING INTEGRATOR 

Integrator is a precision variable speed 
mechanism which employs a movable 
ring held between a driving disc and 
a driven drum. 

Movable ring can be accurately con- 
trolled or repositioned by force of less 
than 0.02 oz as output shaft load varies 
from zero to 2 oz-in. Output shaft 
speeds of zero to 2.75 times input speed 
can be obtained. 

Can be used as integrator or variable 
speed drive for instrumentation and 
control applications including chart 
drives, BTU meters, rate generators, 
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through APEX 
quick-change 
universal 
joint 
assemblies 


This multiple spindle drill head, a 
product of United States Drill Head 
Co., offers all the flexibility of an 
adjustable head, plus many of the 
advantages of the fixed center type 
head. 

Each fixed driver and adjustable 
spindle—there are as many as twelve 
on some models—is joined by an 
Apex quick-change, spring-loaded 
universal joint assembly. Broached 
openings in joint hubs slip on over 
male splines on drivers and spindles. 

When repositioning a spindle to 
conform to a new drilling pattern, 
the assembly is merely compressed, 
removed, then replaced on the spin- 
dle in its new location. This is a 
simple hand operation that takes 
only a few seconds and requires no 
special tools. Covered universal 
joints, an Apex exclusive, are used 
on these assemblies to protect the 


1933 


A Quarter Century of Service to Industry 
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joints and to provide clean, sustained 
lubrication that assures long, trou- 
ble-free service. 

The Apex quick-change universal 
joint assembly is practical, reliable 
and economical; it is readily adapted 
to any drive-line application where 
production down-time must be held 
to a minimum. Catalog 28 contains 
complete details; write, on your 
company letterhead please, for your 
copy. 
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MACLEAN. 
Foae 


gives you product superiority 
and tast, low-cost assembly 


with the M°F line of lock nuts 


and standard nuts in all sizes 


“olf the shelf” 


M*F TWO-WAY” LOCK NUT 


M:F PROJECTION WELD NUT 


Recessed 


type 


M:F SPIN LOCK NUT 


for faster application with 
consistent torque 


This all-metal, double chamfered, re-usable lock nut 
can be applied to bolt threads from either end. The 
center locking principle permits bolt end to be flush 
with top of nut. 


for high torque consistency 
in full and jam thickness 


This consistent-torque lock nut will withstand terrific 
vibration and shock loading; retains its locking ability 
for as many as 10 RE-applications. 


for low-cost assembly 


Solve production delays, cut manufacturing costs— 
fuse nut to the product in exact location. Engineered 
for assembly simplification. The welding of nuts to 
sub-assemblies permits the use of screws or bolts in 
the main assembly without the need for holding nuts 
from turning, cutting time and labor. 

Both types available with the patented M- F Two- 
Way locking feature. Each type has three welding 
projections, eliminating rock and guaranteeing a 
uniform weld. 


the nut with the built-in 
lockwasher 


This free-spinning one-piece lock nut eliminates the 
need for supplemental locking devices such as lock- 
washers. Cuts purchasing and inventory costs. 


for you 


for the asking 


The M*F Products Catalog — valuable data on torque, bolt tension 


arid dimensions as well as on other available products. 


MAC LEAN-FOGG Lock Nut Company 


5535 N. WOLCOTT STREET « CHICAGO 40, ILLINOIS 
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tachom- 
eters, and telemetering systems. Ameri- 
can Meter Co., P. O. Box 306, Garland, 
Texas. >568 


servomechanisms, computers, 


OPERATIONAL MAGNETIC 
AMPLIFIERS 


Line of amplifiers called 
“OQ” series has bi-directional d-c input 
for both control windings. Output bi- 
directional 7.5 volts d-c. Gain for each 
volts for a 100 


magnetic 


control winding 2.5 


ee ap 


sae 
pamp input. Gain stability +10 per 
cent. Output with zero input will not 
exceed 75 my d-c. 

Operates from 115 volt, 400 cycle 
+10 per cent Standard 
size 11% in. OD and 3 in. high with an 
all-pin plug having a locating key. Ap- 
plications include missile and aircraft 


source, case 


guidance systems. Torotel, Inc., 5512 


E. 110 St.. Kansas City 34, Mo. >569 


EPOXY BOBBINS WITH LEADS 
AND SHELLS 


Line of epoxy resin bobbins with leads 
and shells for encapsulation feature un- 
usual adhesive qualities that make these 
forms suitable for hermetically-sealing 
wire-wound resistors. 








Fabricated from thermosetting epox- 
ide resin, they have good physical and 
electrical characteristics, high tensile 
water absorption, 
dielectric constant of 3.70 at 60 cycles 
and low loss factor of 0.009 at 60 cycles. 
Operate to max temperature of 150 C. 
Thor Ceramics, Inc 
Bloomfield, N. J. 


(Continued on page 192) 


strength, low and 
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THESE ARE INDUSTRIAL QUALITY SOLENOIDS! 


Decco 01 series produces 1% Ibs. Decco’s series 01 and 02, miniature, AC solenoids have all the fine quali- 
force at 1/2" stroke. Quiet hold at ties of their well known, standard size, companion models. Quality and 
4% Ibs. force. Decco 02 series performance are the same—only the size has been changed . . . and 


produces 2% Ibs. force at 2" thorough “in service”’ testing has proved them worthy of the Decco name. 
stroke. Quiet hold at 5/2 Ibs. 


These miniature solenoids are built with high quality, silicon steel struc- 
force. Both series are available 


ture to prevent “‘aging’”’. Coils are heavy duty Nylclad wire, glass taped 
and sealed for long life. Shading coils are silver soldered for durability 
and quiet hold and Decco’s new “‘quick change” patented feature affords 
fast, simple, thirty second coil change, when necessary. 


in push or pull models, vertical or 


horizontal mounting. 


If you have an application for a quality-built, miniature solenoid that will 
stand up under heavy industrial use, it will be worth your while to 
investigate Decco’s 01 and 02 series miniatures. 


Oil COMPANY 


SOLENOIDS a 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 





Synchros...another Kearfott capability 


accuracy...reliability 


ee o=sn, 


SYNCHROS FOR EVERY APPLICATION 


Kearfott offers the widest range of synchros in the industry. 
Ruggedly constructed of corrosion-resistant materials, they give 
unequalled performance under every environmental condition. 
For best characteristics and reliability, specify Kearfott for all 
your synchro requirements. Here are a few typical models: 


Size 8: .750” x 1.240”. 1.75 oz. —54C to +125C. 
Available as transmitter, control transformer, resolver, and 
differential. Max. error from EZ: 10, 7 and 5 minutes. 


Size 11 Standard: 1.062”x1.766”. 4 0z. —54C to +125C. 

Available as transmitter, control transformer, repeater, resolver 
and differential for 26v and 115v applications. Max. error from EZ: 
10,7 and 5 minutes standard, 3 minutes in 4-wire configurations. 


Size 11 MIL Type: Dimensions and applications same as above. 
Meets Bu. Ord. configurations: max. error from EZ: 7 minutes. 


Size 15 Precision Resolver (R587): 

With compensating network and transistorized booster 
amplifier, provides 1:1 transformation ratio, 0° phase shift. 
Max. error from EZ: 5 minutes. 


Size 25 Ultra-Precise: 2.478” x 3.187". 450z. 
Available as transmitter, differential, and control transformer. 
Max. error from EZ: 20 seconds arc. 

Engineers: Kearfoit offers challenging opportunities 

in advanced component and system developments. 


KEARFOTT COMPANY, INC., Little Falls, N. J. 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
SALES AND ENGINEERING OFFICES: 1378 MAIN AVE., CLIFTON, N.J. 
MIDWEST OFFICE: 23 W. CALENDAR AVE., LA GRANGE, ILL. 
SOUTH CENTRAL OFFICE: 6211 DENTON DRIVE, DALLAS, TEXAS 
WEST COAST OFFICE: 253 N. VINEDO AVENUE, PASADENA, CALIF. 
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MOISTURE-RESISTANT 
MOTOR INSULATION 


Spaulding 33 moisture-resistant motor 
insulation is intended to replace more 
expensive polyester film-type materials 
in fan motors, splash-proof motors, air 
conditioner motors and others. 
Moisture equilibrium is lower than 
that of 100 per cent rag paper and its 


8A 7@e* 


moisture absorption is much _ lower 
after 4 hr total immersion in water. 
Dielectric strength after 4 hr total im- 
mersion is 110 vpm. 

Thermal evaluation tests using pro- 
cedures developed by AIEE indicate 
that Spaulding 33 will operate in con- 
tinuous service at 105 C for 45,000 
hr before losing half of its physical 
strength. Has performed satisfactorily 
in motors tested according to the 
MIL-D-24 humidity test and the UL- 
507 water spray test for motor-op- 
erated fans. 

Available in rolls, sheets, strips, 
coils and cuffed coils and fabricated 
parts in thicknesses from 0.007 to 
0.031 in. Spaulding Fibre Co., Inc., 
310 Wheeler Street, Tonawanda, New 
York. >571 


MOUNTING SYSTEM 
PROTECTS GYROSCOPE 

Model 1995 is a center-of-gravity all- 
metal mounting whose design incor- 
porates highly-damped Met-L-Flex 
resilient elements. All-attitude, multi- 
directional protection is assured. 

Features include angled resilient 
elements which add to stability, re- 
duce space requirements, and _ con- 
tribute to good rotational _ stability 
characteristics. 

With an input acceleration of 10 g, 
unit provides 94 per cent vibration 
isolation in 200-350 cps frequency 
range, reducing equipment environment 
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bonstantin GLASS-TO-METAL SEALS PROVIDE... 


captive 
weather 


The operational bugs which are nourished on moisture 
and humidity never grow beyond the incubator stage 
when Constantin Glass-To-Metal Seals protect your — 
Relays 

Transistors 

Capacitors 

Crystals 

Rectifiers 

Transformers 





For standard, miniature, and subminiature components 
alike, the atmosphere is maintained unchanged 

from the controlled conditions that existed 

at the moment of sealing. 


Captive weather ... by CONSTANTIN... permits 
today’s complex equipment to retain its functional 
punch |-o-n-g after conventional glass-to-metal seals 
surrender to oxidation and corrosion. 


Your airborne, shipboard, and ground support 
equipment needs “captive weather” . . . the prime 
parameter of trouble-free longevity. 

Write Constantin today ... your problems, your needs, 
your applications .. . are sincerely invited. 


“QUALITY WITH CONFIDENCE" 


o 
f Constantin bo MANUFACTURING 
°c e & Q ° ENGINEERS 
GENERAL OFFICES: ROUTE 46 | PLANTS: 187 SARGENT AVE. ROUTE 46. STH AND CAPITOL STS. 


LOD!, NEW JERSEY CLIFTON, N. J LOD!I, N. J SADDLE BROOK, N. J. 


SEE US AT THE WESCON SHOW BOOTH 1267 AUGUST 19-22 
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(# = =Man, this 
wust-A-Vvett 
Variable Transformer 
line has everything! 


Electronic design, development and research 
engineers are finding that the Adjust-A-Volt 
line of variable transformers is way out front in 
efficiency, durability and performance. 

Adjust-A-Volts provide smooth, continuous variable 
voltage control with excellent regulation and no 
wave form distortion. There’s a type to fit every OEM, 
laboratory, production or testing application. 

The complete Adjust-A-Volt line includes bench or 
panel mounting, manual or motor-driven operation, 
ganged assemblies, 50/60 or 400 cycle, high temperature 
or double commutator types, and military designs. 
Ratings up to 20 KVA. 

New Adjust-A-Volts are under development. Your 
inquiries for “specials” are solicited. Adjust-A-Volts 
are stocked by leading jobbers throughout 
the country. Write for. 22 page catalog which 
gives all features and specifications. 


STANDARD ELECTRICAL PRODUCTS COMPANY 


VARIABLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 
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to 0.6 g. Weight 1.5 lb, designed for 
equipment weight of 3.25 lb. Robinson 
Aviation, Inc., Teterboro Air Terminal, 
Teterboro, N. J. 572 


PATCHCORD PROGRAMMING 
SYSTEM 


A-MP “240,” product weighs 
314 lb and has been miniaturized to 
conserve space. 

Removable, pre-patched boards make 
complete circuitry reprogramming pos- 


Named 


sible in matter of seconds, Constructed 
of high strength aluminum alloy to with- 
stand shock and vibration. Seating of 
patchboard pins designed for shock 
resistance. 

Wiping action included in system to 
assure pre-cleaning of contact springs 
and taper pins. AMP Inc., 5284 Eisen- 
hower Blvd., Harrisburg, Pa. 573 


SILICONE STRETCH CABLE 


Stretch 
offers 

easily extended 200 per cent and re- 
tracted to its original relaxed size; is 
durable, highly resistant to abrasion 
and wear, as well as oil or chemical 
attack; dielectric strength is 550 vpm; 
brittle point is less than —150 F and 


cable produced in_ silicone 


following advantages: can be 


(RUBBER) - 
STRETCH- 
WIRE 
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Where low dissipation factor is required! 








Oroniteey POLYBUTENES 


are the answer to paper-insulated products 


Oronite Polybutenes used as an impregnating agent in paper wrapped 
high-voltage cable and in oil filled capacitors provide these superior properties: 
low dissipation factor, low coefficient of expansion, and excellent dielectric strength. 


Oronite Polybutenes are available in a wide range of viscosities— 
from 75 to 20,000 S.S.U. at 210° F. In addition to being used “‘as is’, 
Oronite Polybutenes are also used with conventional insulating oils 
to increase viscosities for various electrical applications. 


Oronite Polybutenes are service proven in capacitors and in high-voltage 
underground cables. Contact the Oronite office nearest you for 


Oronite—the original and the Polybutenes technical bulletin or product samples. 
major producer of POLYBUTENES 


¥ ORONITE CHEMICAL COMPANY 
A CALIFORNIA CHEMICAL COMPANY SUBSIDIARY 
® EXECUTIVE OFFICES « 200 Bush Street, San Francisco 20, California 


SALES OFFICES « New York, Boston, Wilmington, Chicago, Cincinnati, Cleveland, Houston, 
Tulsa, Los Angeles, San Francisco, Seattie 


Foreign Affiliate: California Chemical International, Inc., San Francisco, Geneva, Panama 
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+- 375 F; tensile strength is 1500 psi; 


has a power factor at 60 cps of 0.1 

Ss WAYS per cent; for immersion applications 
has a water absorption (based on a 
T = T 70-hr submersion at 212 F) of 0.4 per 

oO U cent. Stretch Wire Corp., P. O. Box 

893, New Rochelle, N. Y. >574 

SUBMINIATURE DELAY LINES 

Series of compact delay lines meet 

38% Saved by CHANGE to requirements of MIL-C-15305A, Grade 

~ eagnerietpweee nt pcre = Gaeny CoeM, 1, Class B. As a measure of their com- 

# ae ee re pactness, the 1.0 psec, 1000-ohm line 

bral esa preteen! nao Sl es Me has a delay-bandwidth product per 
chine. Use of high speed cold-headers resulted cubic inch of over 7.5. 
in the reduction of waste metal and produced 


uniformly high quality contacts at a saving 
of 38%! 





PSS SHES SERSESSESEEESEEETHESSSBesaseaaeecea 


DESIGN CHANGE to 

eliminate operation 

As originally made by another manufacturer, 
this part required an additional operation. 
The part was unsatisfactory because, when 
assembled, the shoulder did not maintain the 
assembly in the required fixed position. 


NULL 


. | 
469% Saved by Redesign! | Molded in epoxy resin, units are 
New design originated by Deringer elimi- | supplied in square and tubular con- 
nated second operation and not only directly | figurations. Can be stacked in series 
saved 46% but resulted in superior part | to give higher delays, or tap-off points 
which maintained the required fixed position. & & ; 
| used to give lower delays. 


Impedances range from 500 to 2000 
| ohms, and delays up to 1 ypsec. Op- 
REDESIGN to Reduce Assembly Time erating temperature —55 C to +-125 C, 


This part originally had a round head. Rise times are short; max rise time 
It was 4 “eg fed and a big problem was in for longest delay only 0.15 psec. 
— y aligning a wire with the head Dimensions of square package 1% 
More than the cost of the part was saved x % x 3% in. long; tubular type, 
in labor when Deringer redesigned the head 38g in. OD x 2%e in. long. NYT 
to a semi-square shape and double slotted Electronics, Inc., 2979 N. Ontario St., 
the head so that it now automatically feeds Rurhank. Calif >575 
through the hopper in position for perfect eee ee 
alignment. 


30% to 60% and HIGHER SAVINGS ARE JUNCTION TRANSISTOR FOR 
HOW WOULD YOU PARTICULARLY IMPORTANT because LOW-SPEED SWITCHING 
MAKE THIS CONTACT? most contacts are made of precious metals in fie ; ‘ocaiiee 
quantities of thousands and even millions— Germanium p-n-p alloy-junction tran- 
= such change may save thousands of | sistor 2N586 is designed for use in 
ollars. 
; DERINGER furnishes a complete line of icailtelln: se : 
Deringer is now cold- standard and special electrical contacts and ticu arly useful as relay-actuating de- 
ae a oe contact assemblies—welded, riveted and vice and in voltage-regulator, multi- 
tional operation! double headed. Also rivets, discs, stampings; | vibrator, d-c to d-c converter, power 
wire, strip, sheet, laminated metals; silver 
and —— alloys, = agen on 
etc. Exceptionally high quality and close - 
pte insonance nal tolerance cold headed parts in base metals— voltage of —45 volts, max collector 
CONTACT ‘SAVINGS steel, brass, aluminum, etc. current of —250 ma, and max collector 
WOULD YOU LIKE TO REDUCE 
For general information— INVENTORY? 
Write for our latest FREE DERINGER unusually fast delivery 
catalogs. For specific in- (faster than others take to process an order) 
formation—Submit com- will enable you to reduce your inventory 


plete specifications of your stock to a minimum. uy C 
part, tolerances, \ IF PRICE IS IMPORTANT—TRY DERINGER 2 


application and 


any problems. 
¥ d 
METALLURGICAL CORPORATION | | | | 
8111 MONTICELLO AVE. + SKOKIE, ILLINOIS 


| low-speed switching applications. Par- 


| supply and audio amplifier circuits. 
Can withstand max collector-to-base 
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ONE SOURCE! 


FOR 2-WAY — 
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AND © 4-WAY SOLENOID VALVES 


When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from %” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 

Four-way valves in pipe sizes from 4” to 144”—for 
temperatures from -65°F’ to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 

And ASCO can supply you with standard, explosion- 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery... 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey, FRontier 7-4600 


AUTOMATIC TRANSFER SWITCHES - 


SOLENOID VALVES - 


ELECTROMAGNETIC CONTROL 
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Nan er 
SMALLEST Z4:2era% 


ROTARY 


SELECTOR 
SWITCH 


only 3-1/2 oz. = small...only 1-3/8" x 2-29/32" 


These circuit selectors or stepping relays, model BD2, per- 
form dependable, remote switching jobs such as, stepping 
... counting . . . programming . . . circuit selecting. . . 
sequencing . . . and homing. 


check these features: Small and light . . . the four wafer selec- 
tor switch is only 154” wide, 27%2” long and weighs only 3% 
oz. ... available with 1, 2, 3, or 4 switch wafers ... 12 
positions with silver alloy contacts . . . 12 position floating 
ratchets . . . anti-overthrow latch . . . flange mounting 
...a choice of ratings from 3 to 300 volts D.C... . avail- 
able in hermetically sealed models . . . and designed to 
meet all applicable environmental tests of MIL-E-5272B. 


& 


immediate delivery from stock of standard model, 
part No. S-10019-004 ...3 pole, 12 throw switch- 
ing, 12 position, notch homing, self-interrupted, 28 
volts D.C., flange mounting 


RMr0te Haley. » + for engineering and stock model 


information ... Bulletins 55882 and 558ST2 


123 WEBSTER ST., DAYTON 2, OHIO 


eeeeeveeeveeeeveeeeeeeeeeeeeeeeeeeenee ee 
mea IN CANADA: Marsland Eng. Ltd., Kitchener, Ontario 


IN EUROPE: N.S.F. Ltd, 31-32, Alfred Place, London, England 
N.S.F. GmbH, Further Strasse 101a, Nurnberg, Germany 
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dissipation of 250 mw. These features, 
in addition to a d-c transfer ratio of 
60, make it particularly useful in 
on-off control applications. Has a max 
body length of 0.375 in. and a max 
diam of 0.360 in. RCA Semiconductor 
and Materials Division, Somerville. 
A. 3. >576 


FREQUENCY METER 


Series of direct-reading, TE111 mode 
frequency meters (types 532 through 
538F1) includes 9 types, each cover- 
ing full waveguide band in frequency 
range from 3.95 to 40 kmc. Featured 
is direct-reading accuracy of 0.08 per 


cent for most ranges. High accuracy 
provided by continuous dial, 100 in. 
long, helically-calibrated around drum 
of 7 in. circumference. 

Plunger drive system treated for 
minimum wear, and spring-type nut 
reduces backlash to negligible propor- 
tions. 

May be installed as permanent com- 
ponent of systems or test equipment, 
in addition to use in laboratory or 
production testing. Polytechnic Re- 
search and Development Co., Inc., 202 
Tillary St., Brooklyn 1, N. Y. 577 


3 KW DIESEL ELECTRIC PLANT 
This 3000 w air-cooled diesel electric 
generating plant (Series 3DSL) fea- 
tures a cooling system called Vacu-Flo. 
System employs a powerful centrifugal 
blower that pulls cooling air through 
generator and over heated engine parts 
and then expels heated air through a 
duct to outside. 

Enables plant to be installed in com- 
pletely enclosed compartments, in space 
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Prongs snap into 
punched or drilled hole 


CUSTOM-DESIGNED AND MASS PRODUCED 
TO YOUR PARTICULAR REQUIREMENTS 


Dot plug buttons were originally used in auto- 
mobiles to fill spaces on standard models which, 
on de luxe models would be occupied by such 
extras as cigarette lighters, radio controls and so 
on. They are now also widely used as lenses 
for indicator lights and as identification buttons 
on instrument and control panels of all kinds. 


brassorsteel 
..embossed and enamel- 
filled or molded to show company insignia or other 
identification symbols ... Dot plug buttons snap 
into place and stay where they’re put even under 
conditions of extreme vibration. Yet they can be 
removed and replaced repeatedly without damage. 


Availableinclearor colored plastics... 
in all standard finishes. 


CARR FASTENER COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 31 Ames Street 


MAKERS OF 


, Cambridge 42, Massachusetts 


FASTENERS 
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NYLON 
BOBBINS 


@ Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and deformation 
Toughness 
Light Weight 
Lasting Resilience 
Easier Handling 


..« These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 
The new and modern pliant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 
Send in your specs or write for data 
brochure and samples. 


SALES DIVISION OFFICES 
Arizona, Missouri, Illinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Coneda 
— oh) A ee ee, : 


3239 WEST 14 STREET ~-58597 * CLEVELAND 9, OHIO 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 





TT Ey 

















{ ere’s a new way to use the ELECTRICAL 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 





just slightly larger than unit and its 
accessories, with allowances for an air- 
intake and exhaust outlet. D. W. Onan 
& Sons, Incorporated, Minneapolis, 
Minn. >578 


METAL FASTENER WITH 
PLASTIC HEAD 


Caplet fastener consists of a metal 
rivet, the head of which is insulated 
with a high impact strength plastic 
which provides electrical insulation. 
Metal shank may be any metal such 
as aluminum, brass, or steel. 

Plastic head provides over 5 kv in- 





PLASTIC HEAD 
(high impact strength) 


METAL SHANK 








sulation. Standard sizes consist of 46 
in., %2 in. and 1 in. shank diameters 
and any shank lengths in multiples of 
Yo in. Standard color is natural (off 
white), other colors can be supplied. 

Typical applications include elec- 
trical and electronic equipment re- 
quiring insulation of fastener from 
components. Also can be used as an 
actuator knob on relays and switches. 
Pylon Co., Inc., Attleboro, Mass.->579 


TINY SAMPLING SWITCH 


The Miniplexer weighs 2.37 oz and is 
34 in. long and 1%4 in. diam. It has 
60 contact pins for 30 channels of make- 
before-break operation. Replaces one 
that was 5 times heavier, 3 times longer 
and twice as large in diameter. Sub- 
miniaturized assembly results in lower 
peripheral wiper speeds and longer 
life. 

Particularly useful in solving design 
problems for control and data gather- 
ing units in missiles and aircraft. Pro- 
vides service-free life of 500 hr at 30 
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- 122 WATT 


MINIATURE 


_RHEOSTAT 











High power hentites capability s small size 


Newest addition to the Ohmite line of vitreous-enameled 
rheostats is the new Model “E” miniature 1242-watt 
rheostat. This new unit is smaller than many one- or two- 
watt potentiometers. It provides time-tested Ohmite all- 
ceramic and metal design features for uses where as much 
as 12¥%2-watt dissipation is required and space is extremely 
limited. Built to operate at a maximum hot spot 

rise of 300° C at an ambient of 40° C, Model is also 
useful for operation at high military SS eee derated 
linearly to zero at 340° C, attained. Rugged, a 
rheostat performance is thus available in ble in such 

that new possibilities in miniaturization and dependability 


Like the larger Ohmite rheostats, Model “E” has a ceramic 
base, and ring-shaped ceramic core. Vitreous enamel holds 
the turns of wire against shifting, and fastens the base and 
eee Also, the Model “E” has a ceramic hub 
the shaft; a metal-graphite contact; folded spring 
arm; res ependent compression spring; slip-ring; a stop 
rectly connected to the shaft. The entire assembly is a 
serene dependable version of the time-proven 
Ohmite power rheostat design. Mounting is by a %4”—32 : 
threaded bushing. The shaft is %” in diameter. Resistance eens 
range: up to 5,000 ohms with 23 stock values; higher withing? 
values available with OHMICONE inorganic coating. Re- ah 
sistance tolerance: +10%. Torque: 0.1 to 0.2 pound-inch. . 
A small finger-grip knob, in keeping with the rheostat di- 
mensions, is available. 





Special length shafts and bushings, screwdriver shafts, lock- 
ing type bushing, tandem mountings, enclosures, etc., sim- “ . 
ilar to the variations available on the larger rheostat, can MODEL E€ 
be provided upon specific request. 








ene ne ree Soe aN oS om em 








mom ame 


INDUSTRY'S MOST COMPLETE Now II Sizes! — 12% to 1000 Watts 


All sizes available from stock in a wide range of 
resistance values, including the NEW Model “E.” 
Ten sizes are available to meet MIL-R-22A require- 
ments in each of the 26 type designations. 





RHEOSTATS RESISTORS RELAYS 
TAP SWITCHES TANTALUM CAPACITORS 
R. F. CHOKES VARIABLE TRANSFORMERS 


QUALITY 
Components 
WRITE FOR BULLETIN 157 


enn Sle i i li a dca ta 





OHMITE MANUFACTURING COMPANY, 3613 Howard Street, Skokie, IMlinois 
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rps and operates under ambients of 
+125 C to —55 C and under vibration 
conditions up to 2000 cycles at 25 g. 
Applied Science Corporation of Prince- 
ton, Box 44, Princeton, N. J. >580 


HIGH RESOLUTION 
POTENTIOMETER 


Type 301-A Rinco-Pot vernier poten- 
tiometer provides combination of high 
resolution and small size in less than 
2 turns of adjustment shaft. Consists 
of outer case containing main slide 
wire and concentric smaller potentio- 
meter providing vernier action, with 
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Specially SPECIFICATIONS CIRCUIT DIAGRAM 
engineered for COIL: Single-wound, up to 21,000 ohms. Double-wound, 
up to 6,500 ohms in each winding. 
MAXIMUM COIL VOLTAGE: Single-wound, 
and other 300 volts de; double-wound, 100 volts de. 
high frequency OPERATE TIME: Min., 0.005 sec.; max. 
. j (with slug), 0.050 sec. 


RELEASE TIME: Min., 0.005 sec.; max. 
Unusual flexibility (with slug), 0.075 sec. 


carrying video 


currents. 


of design CAPACITANCE: 1A video contact (contact open): 

a Interspring Spring-to-frame 
permus a 0.5 mmf at 3 me. 1.4 mmf at 3 me. 
wide range of 0.5 mmf at 10 me. 1.45 mmf at 10 me. 
es 0.55 mmf at 20 me. 1.80 mmf at 20 me. 


contact spring wamcian oe ais : ; , ; ; ; 
sittie CONTACTS: Video contacts, form A, B, or C; maximum, vernier resistance paralleling portion of 


assemblies and 3 springs. Auxiliary contacts, forms A. B, and C; | main slide wire. 
maximum, 2 springs underneath the video pileup, | The less than two-revolution control 
10 springs in separate pileup. of entire adjustment range allows sub- 
to be used. APPROX. WEIGHT: Net, 4 oz. stantial adjustment time savings, of sig- 
Send for full details. nificance in frequently adjusted or mul- 
iil tiple potentiometer installations such 
saeael | as computers and data logging systems. 
Rinco, Inc., 7962 S. E. Powell Blvd., 
Portland 6, Ore. >581 


combinations 














ONE-PIECE CONNECTOR 


PressSSURE Romex connector is de- 
signed for fast and easy installation on 
non-metallic sheathed cables and port- 
able cords. Made in one piece of a 
heavy-duty aluminum alloy—no screws 


or lock nut. Size is 3@ in. and fits 
ELECTRIC COMPANY standard 1% in. knockouts. 


3349 ADDISON ST., CHICAGO 18, ILL. To install, insert cable in junction 
RELAYS « SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING box knockout. Slide connector over 
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How 
to cut 
winding 








New versatile Leesona® Cross Winder increases production and 
lowers costs through reduced handling and winding time 


Now — with the high output No. 
111 Winder, you can produce cross 
wound coils of extreme accuracy 
singly or in multiple. 

Quality coils are assured by a pre- 
cision traverse system that cuts re- 
jects to an absolute minimum. 

Also, fine wire can be wound at 
high speeds without the danger of 
breakage by abrupt starts. An elec- 
tronic drive starts the arbor slowly 
. . . gradually accelerates to full pre- 
set speed . . . and maintains a con- 
stant rate of speed for uniform wire 
tension and coil density from then on. 
All the operator has to do is press the 
start button. 

Reduces Handling Time 

Exclusive, optional programming 
attachment automatically stops the 
No. 111 Cross Winder so that your 


FOR WINDING COILS IN QUANTITY 
.«» ACCURATELY . . . AUTOMATICALLY 
... USE LEESONA WINDING MACHINES 
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operator can remove taps. In many 
cases, this allows the operator to 
handle more than one machine. 

For multiple winding, the No. 111 
can be equipped with an arbor trans- 
fer attachment that permits your op- 
erator to make group transfers — no 
individual anchoring of wire turns 
required here. 

An optional pie-winding attachment 
automatically indexes coils from 34” 
to 14” between coil centers. 

The versatility of the No. 111 
Cross Winder demonstrated above 
doesn’t tell the whole story of its 
many uses. Equipped with a progres- 
sive coil attachment, it can be used 
for high speed winding of variable 
and constant pitch progressive coils. 
It can also be used for single layer 
winding, bobbin winding, and is ideal 


for laboratory requirements. 

Changing coil “specs” has been 
speeded up too. On the Leesona No. 
111, gears are located on fixed centers 
so they have to mesh properly. The 
operator merely drops the change 
gears into position — no tools are 
needed. No other cross winder offers 
this time-saving convenience. 

Other pete are: 

Dial controlled variable-speed trans- 
mission with 22 change gears covers 
all cross-overs per turn from 10 to 
vee 

Standard winding speeds to 2500 
rpm — up to 5000 rpm with special 
pulleys — 

Traverse speeds to 4000 cross-overs 
per minute. 

Send for more details and the No, 
111 Cross Winder Bulletin. 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, R. I., DEPT. 138 


9 So. Clinton St., Chicago 6, lil. ° 


1500 Walnut St., Philadelphia 2, Pa. 


Sales Representatives: 
E. G. Paules, Los Angeles, Calif. 
W. J. Westaway Co., Ltd., Montreal, Que.; Hamilton, Ont., In Canada 


Offices in Manchester, England; Paris, France and Frankfurt, Germany 
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that gives you these 5 


VARIABLE RESISTORS @ 
CERAMIC CAPACITORS @ 


204 


Exclusive 
Features 


in the Centzalab. 


The only 14 watt 
multiple miniature 
variable resistor* 


exclusive and important advantages 


LOWER COST: These compact units with superior elec- 
trical characteristics actually cost less than larger 
units of equivalent rating now on the market. 
REDUCED SIZE: 1 to 4 variable resistors on a single 
—s base plate. The 4-resistor unit measures only 
24% 34”. Units with fewer resistors are propotion- 
ately pe ay 

VERSATILITY: Available with horizontal or vertical 
mounting brackets, plug-in terminals for printed cir- 
cuit boards or wire leads for metal chassis. 

SUPERIOR KNOB CONSTRUCTION: Unusual knob design 
permits adjustment with an internal or external hex- 
agon wrench, screwdriver or by fingertip. 

FLEXIBILITY: Fixed resistors and capacitors can be in- 
corporated in the Model 5 to make a complete 
operating circuit. 


SPECIFICATIONS: 


Resistance Range: 1000 ohms to 5 megohms, + 35%, 
linear taper 


Wattage Rating: 4 watt at 70° C. ambient 


Breakdown hp 1250 Volts RMS, between adjacent 
sections and to bracket 


Minimum End Resistance: Less than 1% 
Rotational Life: 5% change after 250 rotations 


Initial Torque: 2 inch ounces average; 50% change after 
250 rotations 


Write for Centralab Bulletin EP-539 giving full spe- 
cifications on the Model 5 Radiohm® series. 


PACKAGED fe ciRCUITS @ 
ENGINEERED CERAMICS @ 
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A DIVISION OF GLOBE-UNION, 
962H E. KEEFE AVE. 
In Canada: 804 Mt. Pleasant 


ACTUAL SIZE 





DISTANCE 


a 754 CENTER 











9/64 ol 


Inc. 
e MILWAUKEE 1, WIS. 
Rd. * Toronto, Ontario 


ELECTRONIC SWITCHES 
SEMI-CONDUCTOR PRODUCTS 
See the newest Centralab products at WESCON — Booth 1520 


Insert cable slide 
connector over cable 


Ae 


4 


cable and squeeze with channel-lock 
type pliers or side cutters; this simul- 
taneously locks connector to cable and 
to box. To remove—squeeze opposite 
sides of connector and cable is re- 
leased. Buchanan Electrical Products 
Corp., 225 Rt. 22, Hillside, N. J. >582 


CLASS H SELF-BONDING 
SILICONE INSULATION TAPE 


Permacel 2650, after being applied to 
a unit and then left at room temper- 
ature, will become a homogeneous 
mass within a 2- to 3-day period. 

Ease with which bonding may be 
obtained permits on-the-job use with- 
out having to subject unit to elevated 
temperatures. Field repairs on Class 
H units are therefore possible. 

Suited for insulating formed coils, 
cable splices, bus bars or transformers. 
At very high or low temperatures, tape 
is physically and _ electrically un- 
changed. Permacel-LePage’s Inc., New 
Brunswick, N. J. >583 


SUBMINIATURE RELAY 


Type S-M relay is less than 1 in. long 
and weighs less than 1% oz. Applica- 
tions in control computers, 
aircraft, missiles and applications re- 
quiring miniature size. 

Designed for continuous use in —65 
C to +125 C range, is said to have 
life expectancy of 100,000 operations 
min, at rated load. 

Other specifications: 
voltage, 26.5 volts d-c; contact arrange- 
ment, 2PDT; contact rating, 2 amp at 
28 volt d-c resistive (max); max oper- 
ate time, 4 millisec; max release time, 


systems, 


nominal coil 
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: A Portability allows use on regular drafting board. . 
Save drafting time permits complete mobility. 


Thin, lightweight, long-life construction means easy, 


and valuable space eee at-hand storage. 


use Porta-Trace 


Now, your tracing table comes to you! Porta-Trace® is a 
lightweight, portable tracing unit only 1-7/16 inches thin. 
Easily stored with reference books, Porta-Trace is always at 
hand. Simply pick it up. . . place it on your board... flick a 
switch and you’re all ready—in seconds! 


This extremely thin unit can actually be used under your 
present string-type parallel rule. No longer any need for 
special T-squares formerly required by outmoded, too-high 
tracing units. Flush-top permits use with drawings larger 
than unit itself, and unit shifts easily for drawing at any angle. 
Strong Plexiglas® top is enclosed by rugged long-life stainless 
steel frame. Available in five sizes up to 36” x 48”. 


See it today! Call your local Ozalid representative 
or write Ozalid, Dept. K-8, Johnson City, New York. 


py 47 -\ Gh | my 
A Division of General Aniline & Film Corporation 


in Canada: Hughes Owens Company, Ltd., Montreal Products for Design 
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PACKAGE POWER AMPLIFIERS END 
POWER WASTE IN HIGH OUTPUT SERVOS 


These new DIEHL small size, light weight Package Power 
Amplifiers achieve ideal motor conditions by providing con- 
stant 90° phase angle, infinitely smooth proportional re- 
versing control and symmetrical control of motor voltage. 


important design and operating characteristics 


@ Power gain per cycle—can be unlimited. 

@ Smooth 60-cycle AC (not pulsating DC)—fed to motor by 
inverse-parallel connected thyratrons. 
Low-impedance transistor-controlled grid circuits—prevent ac- 
cidental firing of thyratrons by external signals. 
No special power source needed—operates directly from 60- 
cycle, 3-phase power supply. 
Tachometer feedback provided—for AC or DC operation. 
Exact 90° phase relation—between control and reference phases. 
85-90% efficiency. 
Response—.008 seconds (!4 cycle). 
Driver stages—Transistorized. 
Rugged industrial thyratron output stage—with 10,000 hour 
life expectancy. 


ONE-SOURCE CONVENIENCE 
DIEHL alone makes AC servomotors up to 3 HP range and now offers a com- 
plete package of Power Amplifier and matching AC Servomotors in these ratings. 


——see tHE DIEHL pisptav: ——— 
BOOTH 428 AT THE WESCON SHOW, 
LOS ANGELES, AUG. 19 to 22, 1958 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


Other available components: 
A. C. SERVOMOTORS + A.C. SERVOMOTORS WITH A. C. TACHOMETERS 
A.C. SERVOMOTORS WITH D.C. TACHOMETERS * A.C. AND D.C. TACHOMETERS 
D.C. SERVO SETS * RESOLVERS 
*A Trademark of DIEHL MANUFACTURING COMPANY 
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3 millisec; max contact bounce, 1 milli- 
sec; operating shock, 50 g for 11 milli- 
sec; vibration, 20 g—5 to 2000 cps. 
Comar Electric Co., 3349 W. Addison 
St.. Chicago 18, III. >584 


MINIATURE WIRE-WOUND 
RESISTORS 


Type 102 measures only 44 x 44 x ¥%& 
in. and can be obtained in values from 
1 ohm to 1 megohm to tolerances of 
+0.05 per cent. 

Type 103 is 0.150 in. in diam by 
0.295 in. long and available in ranges 


a a 
Ba 


from 1 to 500 k ohms with tolerances 
of +0.05 per cent. 

Both types have operating tempera- 
tures from —65 to +125 C. Standard 
temperature coefficient +15 ppm. 
Power dissipation 0.15 w. For printed 
circuit work, lead spacing tolerance 
maintained to +0.005 in. Ultronix, Inc., 
116 So. Bayshore Blvd., San Mateo, 
Calif. >585 








SYNCHRONOUS MOTOR- 
DRIVEN TIMER 


Device, available with 1, 3 and 5 min 
timing units, offers wide range of set- 
tings. One-minute unit adjustable in 1 
sec increments, 0 to 60 sec; 3-min 
unit adjustable in 3 sec increments, 0 
tc 180 sec; 5-min adjustable in 5 sec 
increments, 0 to 300 sec. 

Feature is ease of setting—bronze 
pointer depressed and rotated to de- 
sired position on indicating dial and 
timer is set. 

Synchronous (clock-type) motor op- 
erates on 110 volts, 60 cycles. For 220, 
140 or 550 volt, 60-cycle service, con- 
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FOR UNVARYING PERFORMANCE 


PRECIOUS METAL CONTACTS. . . . for long operating life and 
unvarying performance. Available in pure or alloyed forms 
BAKER of Silver, Platinum, Palladium, and Gold. These contacts 
ole) ha -\ons provide extremely high resistance to atmospheric corrosion, 
DIVISION deformation, arc erosion, sticking and metal transfer. They are 
supplied as wire, rod, sheet, and as fabricated forms. 
Baker Contact Division, 207 Grant Avenue, East Newark, 
Harrison P. O., N. J. 
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FOR CORROSION-RESISTANT SURFACES 


RHODIUM PLATING . . . an economical, hard, white, 
corrosion-resistant surface. Extremely well-suited for many 
electrical and electronic applications. Resistant to corrosive 


atmospheres, oxidation, arc erosion. Reduces wear on 


CHEMICAL 
DIVISION 


moving surfaces, assures low noise level for moving contacts, 
no oxide rectification, low and stable contact resistance. 
Ideal when a low-resistance, long wearing, oxide-free 
contact is required. 

Chemical Division, 113 Astor Street, Newark 2, N. J. 
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FOR PRODUCING NITROGEN 
NITRONEAL® GAS GENERATOR . . . With a controllable 


hydrogen content—produces oxygen-free gas consisting of 
nitrogen, hydrogen and water vapor. Hydrogen content can be 


CHEMICAL varied and maintained as desired between 0.5% and 25%. 


DIVISION Economy is a major factor in this equipment. The cost of the 


nitrogen produced is found to be many times cheaper than an 
equal amount of cylinder nitrogen. Furthermore, the catalyst 
lasts indefinitely —maintenance costs are practically nil. 
Chemical Division, 113 Astor Street, Newark 2, N. J. 
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113 ASTOR STREET 
NEWARK 2, NEW JERSEY 
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trol transformer and terminal block 
added. Cutler-Hammer Inc., 230 No. 
12th St., Milwaukee 1, Wisc. > 586 


New Cap Fastener 


for 
Unthreaded Rod 


TRANSISTOR, DIODE 
INSULATOR MOUNT 


Insulator mounts, rated up to 4000 
volts, are designed for high altitude 
operation and to allow efficient heat 
transfer to chassis or ground. In overall 
thermal drop, mounts are rated better 
than 1 deg C per watt. 





PUSH OR TAP 
--IT’S ASSEMBLED 


on plain round rods, axles, 


studs, rivets, pins, shafts 
e 


Saves cost of threading 
--notching--drilling for 
in Consist of a copper alloy cylindrical 

cotter pins heat sink, copper alloy flange and 
ceramic insulator brazed together into 
a unit. Copper alloy mounting screw 
supplied in 2 thread sizes; threaded 
mounting bore in heat sink available in 
4 thread sizes. Thermo Materials, Inc., 
4040 Campbell Avenue, Menlo Park, 
Calif. >587 








= 





TYPE W 


PUSHNU 


FASTENERS 


Low in cost 


Type W PUSHNUT Fasteners are made in one 
piece of heavy gauge tempered spring steel, with 
a special locking action that grips unthreaded rod 
and exerts powerful resistance to removal from 
1/10 to 1/2 ton. On knocked down assemblies they 
are easily applied by tapping with a hammer. In 
factory assembly, readily applied by air hammer, 
press, or jigs for multiple assembly. 


SMALL, MULTI-CONTACT 
RELAY 


The KF relay originally switched a 
ground potential to 5 circuit elements 
in automatic station selector of an auto 
radio. It can be adapted for contact 
arrangements up to 5PDT or 7PST. 


TYPICAL APPLICATIONS 
Easy, speedy assembl 
Q), Rugged holding power 
0) 


Decorative, smooth, 
neat appearance 


HINGE ACTION 
Rivet: Headed on one end, 
with PUSHNUT on other. 
Pin: PUSHNUT on each 


PIVOT ACTION 
Retainer on bell cranks or 
levers on integral studs 
or shafts. 


Sturdy construction 
-- will not dent or deform 


e Always assemble in line 
--will not cock or misalign 


CAPPED ASSEMBLY 
Smooth, attractive assem- 
bly of parts not required or 
desired to be held under 
heavy tension or pressure. 


THE PALNUT COMPANY, 


HUB CAP 
WHEEL VY 
RETAINER 


Attractive, reliable fasten- 
ing of wheels on axles of 
all kinds of vehicles. 


in Canada: P.L. Robertson Co., Ltd., Milton, Ont. 


PALNUT 


LOCK NUTS 





FASTENERS 


Quick, secure fastening at low cost 
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e Variety of finishes 


e Sizes for 3/16”, 1/4”, 
3/8” and 7/16” dia. 


Write for free samples, stating type, size and intended application. 
66 Glen Road, Mountainside, N. J. 


rill 


Designed to operate on a-c or d-c 
voltage, the KF is a continuous-duty 
relay that dissipates only 1.2 w d-c 
or 2.0 volt-amp a-c. 

Bar palladium against silver station- 
ary contacts are rated at 2 amp, 115 
volts, 60 cycles resistive. Measures 
1342 x 144 x 1%» in; weight 114 oz. 
Potter & Brumfield, Inc., Princeton, 
Indiana. >588 

(Continued on page 210) 
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HIGH RELIABILITY 9 


At long last, the radio-electronic industry now 
has another source of supply for molded carbon 
potentiometers. Years of Clarostat research 
and development, punctuated by countless 

tests in both lab and field, went into 

this product. And now you’ve got it. 


Typically Clarostat quality, these are 

superlative carbon potentiometers. 2-watt 

rating. Meet all MIL-R-94 requirements for 
characteristic “Y” latest specifications. Make 

any comparison or test you wish! 

Due to the variety of individual requirements, the 
specifications can be varied to meet your particular 
applications. Use Clarostat’s engineering services. 


Engineering data sent on request. 





* UNLESS OTHERWISE SPECIFIED 


As with other Clarostat potentiometers, 
these Series 53M molded carbon units 

*Reg. U.S. Pat. Off. are also available in “Potpot”* or 
encapsulated housings for maximum 
protection from all environmental 
conditions. 


‘usm: CLARO STAT 


MFG.CO.,INC. 


DOVER - NEW HAMPSHIRE 
In Canada: CANADIAN MARCONI CO., LTD., TORONTO 17, ONT. 
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cise YOUR SOURCE FOR 
MAGNETIC AMPLIFIERS 


TOROIDAL INDUCTORS 
FILTERS 


Made to your 
.) most rigid requirements 


Years of Experience manufacturing Magnetic Amplifiers 


Proved Engineering on 


Competitive in Price on your specific 
requirements. 


Quality Control We can solve any 
Magnetic Amplifier 
Rapid Delivery ee 


Prototype Design — Mass Production 


402 East Gutierrez Street 
P.O. Box 1500 
Santa Barbara, California 
Telephone WOodland 5-4511 
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LOW-RESISTANCE RHEOSTAT 
WITH INFINITELY FINE 


| ADJUSTMENT 


Mikrohm rheostats of 310 series are 
suited for applications requiring low 
resistance controllers having infinitely 
fine adjustment characteristics. Non- 
coil-stepless design is suited wherever 


exact linear resistance variation is 
required. 

Can be used as dropping rheostat 
for vacuum tube filaments; as trimmer 
for control apparatus; as accessory 
in instrument calibration laboratories 
for precise controlling of low currents 
and for setting resistance values. 

Available in resistance ranges of 


| 0.25 to 3.0 ohms with max current 
| ratings of 0.25 to 1.0 amp. Min inser- 


tion resistance approx 10 per cent of 
max resistance of rheostat. Superior 
Electric Co., Bristol, Conn. >589 


DIGITAL LOAD INDICATOR 


| Model DLI-2 features freedom from 
| line voltage variations, servo amplifier 


gain changes and ambient temperature 
fluctuations. Also exhibits close follow 
of input signal being measured. These 
features permit accurate measurement 
of weight, torque, thrust and pressure. 

Unit uses precision null balance 
servo system and gives continuous 
digital presentation directly in desired 
units. Large digits can be read to one 
part in 1000 at distance of 10 ft with- 
out interpolation. 

Circuit arrangement allows up _ to 
+-50 per cent variation in steady state 
bridge supply voltage with no change 
in zero or span. Accuracy to 0.15 
per cent. Operates on 115 volts, 60 
cycles a-c. Constant voltage supply 
regulates measuring circuit voltage to 
6 or 12 volts d-c. Performance Meas- 
urements Co., 15301 W. MeNichols, 
Detroit 35, Mich. >590 


(Continued on page 212) 
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SMOOTH-PERFORMING RING RHEOSTATS 


New 100- and 150-watt sizes incorporate latest design improvements 


ENGINEERING DATA 


Max. Depth Resistance Range 
behind pane! (Stock Values) 


1 to 10,000 
5/45” ” ’ 
| owas avy avr | ya 
134” 1 to 10,000 
ohms 


*—Ratings based on a 300°C rise in a 40°C ambient. 


Contact Shoe: “Twin” metal graphite, equipped 
with integral copper leaf conductor ribbon riveted to 
the control arm. 


Contact Arm: Balanced beryllium copper, locked 
directly to insulating hub. 


Base and Core: High-grade ceramic of high die- 
lectric strength with toroidally wound resistance 
wire or ribbon of highest stability. 


Max. Voltage Spacings: 300 volts in accord- 
ance with Underwriters’ Laboratories requirements. 
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Naturally, these new 100- and 150-watt ring rheostats give you the 
same outstanding, proved design features you get in 25-, 50-, and 
300-watt sizes. Exclusive “twin-contact” shoes insure uniform con- 
tact resistance, extra-smooth resistance change. Two sintered, self- 
lubricating contacts—one on the collector ring and one on the re- 
sistance winding—can’t gall or seize like metal-to-metal contacts. 
They insure long, stable operating life under rated loads. 

Ward Leonard Vitrohm vitreous enamel permanently bonds base 
and core, firmly secures the high-stability resistance wire. Base and 
core are of high-density, low-porosity molded ceramic of high dielec- 
tric strength. 

A new ceramic hub design substantially eliminates backlash. It 
also makes for fast delivery on special shaft requirements. 

Write for Ward Leonard Bulletin 60RR. It gives complete speci- 
fications on 25-, 50-, 100-, 150-, and 300-watt ring rheostats. Ward 
Leonard Electric Company, 34 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) «es 


LIVE BETTER... E/ectrical/ly ¢ thy 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


MINIATURE BEARINGS AND 
GEAR DIFFERENTIAL BACKLASH 


(NOTE: We are grateful to W. J. Opocensky, 
Staff Engineer, Librascope, Inc., Glendale, 
California, for his factual report on the part 
played by our bearings in the design of the 
small two-pinion differential illustrated below.) 


as 


Pad 





LIBRASCOPE 3/16” HOLLOW SHAFT DIFFERENTIAL 
uses special duplex MICRO-BEARINGS in all gears. 
Specifications are: Working circle 1.090”, Length 
-980”; input gear hole size .687”, Starting torque 
2 in. oz. — Maximum backlash 5 min, at 2 in. oz. 


Miniaturization of precision ball 
bearings and gears is well advanced. 
However, putting them together to 
produce a small differential with low 
torque and backlash of five minutes 
or less is no simple task. Loads on 
single pinion differentials and on 
single ball bearings introduce ob- 
jectionable flexibility. So does uncon- 
trolled radial play in ball bearings 
whether used singly or in pairs. 

After considering many designs, 
Librascope selected a two-pinion dif- 
ferential as the most logical type to 
develop. A “hunting tooth” gear ratio 
was also chosen to distribute wear 
evenly. Double bearings preloaded 
were to be used in all gears. 

Special miniature bearings were 
developed to give duplex bearing per- 
formance at a cost only slightly high- 
er than regular catalog prices. 


’ SPIDER 
HOLE “H” EQUIDISTANT 
FROM SIDES OF SPIDER 


FIG. 2 


Dimension “X” in Fig. 1 is coded 
in increments of .0002” under given 
axial load. 

In Fig. 2 the mounting distance 
“M” of the bevel gears is known. With 
the new bearing dimension “X” it is 
possible to determine the “spider” 
dimension “D”. This provides the 
desirable mounting distance of bevel 
gears without shims. 


To obtain maximum distance be- 
tween raceways in limited space, nar- 
row unshielded bearings were select- 
ed. To provide dust protection for 
the bearing a thin shim slightly small- 
er than the I. D. of the outer bearing 
race is used between bearing and 
Truare ring. Truarcs are stainless 
steel double-disc-ground to various 
specific dimensions. With all dimen- 
sions controlled, bevel gears are ac- 
curately located from the pinion shaft 
hole, and any desired preload in the 
bearing can be obtained by selecting 
a Truarc of proper thickness. 

Control of radial play of bearings 
in pinions presented a_ different, 
though similar, problem. Space limi- 
tations in the pinion are much more 
severe than with bevel gears. Fig. 3 
shows how Librascope solved the 
problem. Dimension “X” is coded in 
increments of .0001” with a given 
axial load, from inner race to outer 
race opposite the flange side on the 
one hand and opposite the ball retain- 
er side on the other. A precision shim 
is used between outer races of the 

two bearings. 
By selection and 
use of new coded 
dimensions, any 
desired preload 
of bearings is 
obtained by fit- 
ting bearings to 
the shim. 

To keep bearing races in mutual 
contact, another novel idea is used. 
Each pinion has its own adjustable 
shaft. The outside end of the pinion 
shaft is fitted with a Truarc. This 
rests against inner race of outside 
bearing. To overcome the limited ad- 
justment of shims and expensive la- 
bor costs, a unique adjustable washer 
is used. By means of a special tool, 
each pinion may be adjusted for any 
desired amount of backlash. Bearings 
are held at preload by adjustable 
washer and Truare. A _ clamping 
means secures pinion shaft to 
“spider”. 

The Librascope differential design 
makes possible “5 minute” differen- 
tials at 2 in. oz. loads. Measurements 
are taken at eight equally spaced 
positions for one full turn of the 
“spider”. The maximum backlash re- 
corded determines classification of 
differential. 


DESIGN HANDBOOK 
OFFERED FREE 
You’ll find this 70-page 
authoritative publica- 
tion helpful in solving 
problems in design- 
ing instruments of 
small electromechani- 
cal assemblies. Write: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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FLEXIBLE SERVO COUPLINGS 


In addition to zero backlash, low in- 
ertia, and high flexibility, coupling 
features max compactness, being only 
%e in. long by 34 in. in diam. 

Bores are available in any 


diam 


from %¢ through “6 and in any com- 


bination. Misalignments permissible are 
+5 deg angular and +0.015 linear. 
Torque capacity is 30 in.-oz. Weight 
is as low as 0.19 oz and moment of 
inertia as low as 0.006 oz-in.2 Mate- 
rials and finishes conform with applic- 
able MIL specifications. Renbrandt, 
Inc., 98 Kirkland St., Cambridge 38, 
Mass. >591 


ISOLATION AMPLIFIER 


Model 202 is suited for use with an 
oscilloscope or voltmeter in measuring 
a-c voltages whose reference is not at 
ground potential, such as in servo 
systems and motors, magnetic ampli- 
fiers, a-c bridges, and circuits employ- 
ing “floating” power supplies. 


Frequency response is +%% db, 30 
cycles—100 ke; and 3 db down at 5 
cycles and 1 mc, approx. Phase shift 
at 60 cycles less than 5 deg. Isola- 
tion of input to output effective ca- 
pacity less than 4 ppf. Input imped- 
ance is 100 k ohms shunted with 50 
puf. Output rated nominally at 20 
ohms isolated from ground with a 1 
volt peak-to-peak max output voltage. 
Quan-Tech Morristown, 


fae PB >592 


Laboratories, 


MISSILE POWER SUPPLY 

Model M-1071 is a tubeless, magnetic 
amplifier regulated d-c source which 
operates from a 115 volt, 1-phase, 60 
cycle, a-c input and provides d-c out- 
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Two Type 7191's receive special “D.C. hold-off” vibration 
test. All Tung-Sol/Chatham miniature hydrogen thyratrons 
— 7190, 7191, 7192 — must “hold off” while subject to 15G 


vibration, swept from 50 to 2,000 cps in 4 minutes. Tubes 
also are shocked at 48° hammer angle in Navy high-impact 
flyweight shock machine, equal to 720G/1 millisecond shock. 


Tung-Sol/Chatham miniature hydrogen thyratrons 
supply test-proved ruggedness for missile use! 


Extensive in-factory tests assure designers 
Tung-Sol/Chatham miniature hydrogen thyratrons 
— 7190, 7191, 7192—-can withstand the severe 
shock and vibration met in missile flight. Perform- 
ance of these tubes in several operational missiles 
gives in-use proof of their ruggedness. 


In radar modulators and tracking beacons, these 
compact tough tubes supply 10 KW, replace bulkier 
types. Broad range of pulse repetition rates widens 
design choice . . . zero bias simplifies circuitry and 


triggering requirements. Tubes hold off high volt- 
age, pass high peak current with low tube voltage 
drop. Three types available: 7190 — pin base, 7191 
—top anode connector, 7192 — flexible leads. 


Tung-Sol, only producer of miniature hydrogen 
thyratrons for missiles, can supply you immediately. 
For complete data on these types . . . on special- 
purpose tubes of all types, phone or write. Tung-Sol 
Electric Inc., Newark 4, New Jersey. Commercial 
Engineering Offices: Bloomfield and Livingston, 
New Jersey; Culver City, California; Melrose Park, 
Illinois. 


®TUNG-SOL 
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THERE 


CONTACT BLOCK 

Of Plaskon Alkyd . . . non-tracking... 
deep arc chambers . . . pressure con- 
nectors over 5 hp. ... extra switchlet 


interlock can be added to either side. 
a 


THERMAL OVERLOAD RELAY 

Melting alloy principle assures repeat 
performance . . . simplified design— 
only two moving parts . . . non-adjust- 
able trip assures tamper-proof opera- 
tion .. . 100% factory inspected for 
trip-out and heater coil resistance. 


gE GOOD REASONS 
way FURNAS MAGNETIC 


 <TARTERS GIVE YOU 
STARTERS soewion PERFORM 


: 


FORMANCE | 





MAGNETIC STARTERS 


Furnas Electric offers the right 
control for every job. Expertly de- 
signed and made of the best ma- 
terials, Furnas starters assure you 
long, trouble-free operation. Only 
Furnas provides a choice of 10 
starters, instead of the usual 5. 
through Size 4. 


— 


a. 
S 


CROSS ARM ASSEMBLY 


Molded of reinforced high impact 
material for long life . . . stainless 
steel contact springs resist corrosion 
. . . special alloy contact backing 
and contact guide posts provide su- 
perior bearing surfaces . . . special 
weld resistant Silver-Cadmium ox- 
ide D54X contacts for long depend- 
able life. 


MAGNET ASSEMBLY 
Dual voltage coil, 110-220 or 220- 
440 volts . . . single moving part 
. coil resists moisture, fungus, 
combustion, age, thermal and me- 
chanical stress . . . 100% noise 
tested . . . efficient low wattage 
design; 
A46 


For full information write for Catalog 5800, 1024 McKee Street, Batavia, Illinois, 


FURNAS ELECTRIC COMPANY 


BATAVIA, 


ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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put power over range of 0 to 32 volts 
up to 35 amp with continuous-duty 
rating of 25 amp. Output regulation 
accuracy is +1 per cent and ripple 
is limited to 1 per cent rms at 32 
volts and full load. 

Design features include: MIL-type 
components such as MIL-T-27A Grade 
3 magnetic components; ruggedized 
construction with slide adapters for 
rack mounting; fungus and moisture- 
proof wiring; MIL-finish rectifiers and 
hermetically-sealed MIL-M-10304 MIL 
meters. Perkin Engineering Corp., 345 
Kansas Street, El Segundo, California. 
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RELAYS WITHSTAND 30 G 
VIBRATION AT 2000 CYCLES 


DP-DT  FC-2  subminiature _her- 
metically-sealed -relays withstand 30 
g vibration at 2000 cycles; 50 g Class 
II shock; —65 to +125 C ambients; 
and are designed for power and low- 
level switching. 


Balanced rotary armature action and 
carefully designed relation of copper 
to iron produce magnetic structure 
with maximum usable torque charac- 
teristics. 

Available with hook terminals or 
short or long wire leads. Terminals 
have 0.2 in. grid spacing. Contacts 
rated 2 amp resistive at 26.5 volts d-c 
and 115 volts a-c. Struthers-Dunn, Inc., 
Pitman, N. J. 594 


TREATED GLASS PAPER 
INSULATION 


Silicone-resin treated glass paper in- 
sulation is available for systems re- 
quiring thin and flexible class “H” ma- 
terial. Made from long Fiberglas pa- 
per, it contains no cellulose fibers and 
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How Magnets Help Solve 
Your Measurement Problems 


This is a review of how magnets, magnetic devices 
and magnetic phenomena can be used to solve 
certain measurement problems, to improve pro- 
duction efficiency and to cut manufacturing costs. 


Highly accurate and efficient measure- 
ment is an essential part of modern 
manufacturing. Today’s mass produc- 
tion techniques require speedy analysis 
of conditions and dimensions of parts 
and materials. Literally hundreds of 
measurement problems are being solved 
effectively with instruments and devices 
that employ magnets. 


ELECTRICAL 
MEASUREMENTS 


Most common of the uses of magnets in 
measurement is in electricity—in such 
devices as ammeters, voltmeters, volt- 
age protectors, KVA meters, power 
factor meters, arc-back indicators, limit 
and flow switches, frequency meters, 
galvanometers and oscillographs. In the 
ammeter there is either a stationary 
coil and a magnet that rotates when a 
current is passed through the coil, or 
a stationary magnet and a moving coil. 
The voltmeter is similar, with a high 
resistance in series with the coil. 
Also similar is the galvanometer, but 
it is much more delicate and sensitive. 
An oscillograph is a special form of 
moving-coil galvanometer. Potentiom- 
eters, which measure small electromo- 
tive forces, consist of a circuit of resist- 
ances and a galvanometer. Frequency 
meters depend on the effect of the 
currents in two shunt circuits on a 
moving coil. One circuit contains in- 
ductance and the other capacitance. 


Magnets in galvanometers and oscil- 
lographs combine with electromagnetic 
waves and electrons to provide integra- 
ted and recorded measurements, often 
remote from the locations of the meas- 
urements. 


LINEAR MEASUREMENTS 


Even the most simple linear measure- 
ments are assisted by magnets — by 
magnetic bases on height gauges, indi- 
cators, dials, roundness gauges, carpen- 
ter levels and magnetic plumb-bob. The 
thickness of a non-magnetic coating on 
iron can be determined by measuring 
the gap between the magnet in a tester 
and the iron object. 

Radar sends out a high-frequency 
electromagnetic wave which is reflected 
back from the target to a receiving 
antenna. Speed of the wave is known, 
so that distance can be determined by 
measuring the time between emission 
and reception of the wave. The heart 
of this instrument is the magnetron 
vacuum tube, which depends on a 
high- intensity, uniform, permanent 
magnet field. Sonar is similar to radar 
except that its energy is in ultrasonic 
waves of 10 to 40 kilocycles. 

Distance is also measured by proxim- 
ity fuses and switches. The fuse de- 
pends on a permanent magnet genera- 
tor for energy. It sends out a signal 
wnich is retiected by the target to 
actuate a firing mechanism; thus, a 
direct hitis not necessary. Intheswitch, 
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a magnet is attracted to any iron or 
steel that comes near, closing the switch. 

Direction can be measured by the 
aircraft direction indicator, the compass 
and the remote-reading compass trans- 
mitter. All these devices depend on 
magnets. 


AREA MEASUREMENTS 


Applications of magnets in land meas- 
ure are numerous. We have magnetic 
maps, charts and markers, and vast 
areas are surveyed and measured by 
radar and sonar. 

In the future it is likely that televi- 
sion, which uses magnets for focusing, 
ion traps and loudspeakers, will be used 
to measure areas. 


VOLUME 
MEASUREMENTS 


Liquid-level indicators and float 
switches often transmit the motion of 
a float to the indicating mechanism by 
magnetic attraction. In flow meters, 
volume of liquids and gases may be 
measured through a seal by such de- 
vices as a permanent magnet rotor 
turning in a venturi, a rotor in a liquid 
cutting flux lines of a magnet, molten 
metal flowing through a pipe and cut- 
ting magnetic flux, a magnetic clutch 
between a float and a recording mech- 
anism. 


TIME MEASUREMENTS 


Permanent magnets are contributing 
much toward accuracy and ruggedness 
in actuators, clutches and brakes in 
clocks, timers, timing motors and traffic 
signals. 


TEMPERATURE 
MEASUREMENTS 


Magnets are used extensively in pyrom- 
eters, which are thermocouples con- 
nected to galvanometers calibrated in 
degrees. The optical thermometer em- 
ploys a magnetic ammeter and in other 
thermometers magnets indicate the 
maximum or minimum temperature in 
a period. In many thermostats, magnets 
accelerate the contacts to increase 
accuracy and life. 


SPEED MEASUREMENTS 


Two of our best known modern instru- 
ments are the speedometer, based on 


eddy currents generated by a rotating 
magnet, and the tachometer, which is 
simply a permanent magnet generator. 
Magnetic couplings are used to connect 
tachometers to such machines as high- 
pressure turbines and other sealed 
equipment, 





NEW MEASUREMENT 
INSTRUMENTS 


There are possibilities for the 
development of new measuring 
instruments, based upon the fol- 
lowing magnetic phenomena: 


1 Magnetostriction effects, such 
as the change in length and vol- 
ume of a rod when magnetized; 
the bending of a magnetized rod; 
the twist in a rod in a magnetic 
field; the change in magnetic in- 
duction of a rod under stress in a 
magnetic field. 


2 The production of character- 
istic sounds and vibrations of 
bodies in a magnetic field; changes 
in period and frequency of vibrat- 
ing bodies in a magnetic field. 


3 Changes in apparent resist- 
ance of conductors introduced 
into a magnetic leld. 


4 Changes in thermal conduc- 
tivity of metals when exposed to a 
magnetic field; changes in perme- 
ability of magnetic materials; 
changes in boiling points and spe- 
cific heats of some substances in a 
magnetic field. 


§S The plane of polarization of 
light can be rotated by a magnetic 
field; double refraction of light 
has been observed in several me- 
diums subjected to a magnetic 
field; similar effects occur with 
electromagnetic waves. 


6 Transformations that occur 
in pure metals and alloys are 
affected by magnetic fields. 














VALPARAISO, 


WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 
INDIANA 





The foregoing discussion is condensed 
from an article which appears in “Ap- 
plied Magnetics,” Vol. 2, No. 4. Write 
for your free copy. If you would like 
to explore any of the possibilities dis- 
cussed in the article, Indiana’s engi- 
neering staff will be glad to offer rec- 
ommendations and consultation. 


NEW CATALOG 
AVAILABLE 


Send for your free copy of the new 
“Cast and Sintered Alnico Magnet 
Catalog No. 19,” which describes and 
lists typical sizes and shapes of these 
two most popular types of magnetic 
materials for experimental use. Also 
shown are permanent and electro-mag- 
netizers and demagnetizers. Address 
Dept. B-8. 


INDIANA 
PERMANENT 
MAGNETS 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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Genalex III 
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GENALEX* III is a competitively priced core having high 
stability, high Q, low harmonic distortion with low hysteresis 
and eddy current losses at the design frequencies. 

Cores are available in permeabilities of 14 to 140 » and in 
sizes from 0.500” to 3.500” O.D. They are color coded indi- 
cating nominal permeability with three coats of high dielec- 
tric moisture proof insulating lacquer. Each core is marked 
with its specific inductance per 1000 turns, Color coding and 
inductance marking effects reduced manufacturing costs by 
eliminating further measurement or sorting by the user. 


GENALEX III cores have a low positive 
temperature coefficient of inductance which 
is in the order of 100 parts per million per 
degree C. 


*GENALEX cores are a product of Sal- 
ford Electrical Instruments, Ltd., a sub- 
sidiary of The General Electric Co., Ltd. 
of England. 


For your free copy of the GENALEX III 10-page design 
handbook on the use of toroidal cores, 


please address Dept. M8. 


WALLACE E. 


Comnoliy 
& COMPANY 
“National headquarters for Genalex toroidal cores” 


P.O. Box 295 © Menlo Park, California 
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can be impregnated or coated, de- 
pending on application. 

Impregnated product, in tape or 
sheet form, can be used as: a physi- 
cal support; a medium for later im- 
pregnation with other compatible res- 
ins; an adhering spacer; a wrapper 
used in multiple winding machines and 
field coils. 

Has good physical handling charac- 
teristics and high tensile strength. 
Samples of material have a dielectric 
strength, measured by the short time 
method with a 1-in. electrode, of 
500 vpm. With a 2-in. electrode, di- 
electric strength is 400 vpm. 

Can be furnished in _ thicknesses 
from 0.002 to 0.006 in. and in 40-in. 
widths. Westinghouse Electric Corp., 
Box 2099, Pittsburgh 30, Pa. >595 


TRAVELING WAVE TUBE 
SOLENOID 


No. 39803 solenoid is designed to pro- 
duce a flux of 600 gauss for focusing 
traveling wave tubes. Solenoid is 71/4 in. 
long and has a circular opening of 11% 


in. to accept tube and wave guide as- 
sembly. 

Weighing only 13 lb, it produces 
full flux field with low input power of 
100 to 125 w. A small, built-in blower 
keeps temperature rise to 65 C. 

Light weight and low power require- 
ments achieved by using special wind- 
ing and impregnation techniques. New 
York Transformer Co., Inc., Alpha, 
Ni 3. >596 


HIGH-STRENGTH, HIGH- 


| TEMPERATURE ALLOY 


Consumable-arc vacuum melted alloy 
W-545 is designed for high-strength 
applications at temperatures up to 
1350 F. Easily fabricated for use in 
high-stressed parts and for applica- 
tions such as retaining rings and 
wedges for electrical apparatus. 

Alloy is of 6 essential elements: 
iron, nickel, chromium, and in smaller 
proportions, molybdenum, titanium and 
manganese. 

Available in following forms: forged 
rough-turned billets up to 10 in. diam; 
upset pancake forgings to about 1,000 
Ib; round centerless ground bar in all 
sizes; cold-rolled strip in continuous 
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ALL STAINLESS STEEL 
FUSITE TERMINAL 




















ay. 











5. 








2 


if wt 


r 2. Fraction of an inch of 
J gold wire and alumi- 
1. Inside end of straight | num wire are inserted 











Precision bit of silicon 
crystal is fused with 
heat to ends of wire 
inserts. 











Assembly is enclosed 
in miniature can and 
projection welded 
closed. 











wire electrode is and crimps folded over 
crimped to a hollow tight. (See photo B) 
open top shell. (See 
photo A) 





Terminal as supplied 
by Fusite. V-24 glass 
and all stainless steel. 

















This application is typical of the hundreds of 


electronic components whose continuing operation is 
assured by the safety factor of a terminal with electrodes 
fused into the glass. The resulting rigidly fixed position 
of the electrode guards against damage to the finished 
assembly through movement of an electrode depending 
only on compression for its position in the glass. 


Robert A. Rutherford, Vice President of U. S. Semi- 
conductor Products, permits us this direct quotation. 


“The Fusite header provides us with a very satisfactory 
solution to the problem of the lead wires turning in the header. 
The fused glass to steel has solved this very troublesome problem. 


The stainless steel material also 
provides excellent corrosion resis- 
tance. Aside from receiving a supe- 
rior product from Fusite, we have 
also received very excellent service 
and a great deal of cooperation from 
both the company and their repre- 
sentative.” 


Test samples of any style terminal 
available on request. Stainless 
steel available on most Fusite 
Standard Headers. 


Write Dept. B-2 


— 


yi 


6000 FERNVIEW AVE., CINCINNATI 13, OHIO 
ne ee 
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PLUGGABLE BASE 


TYPICAL WOUND TOROID 
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ERIE has the engineering skill to design, 
and the trained production personnel and 
integrated facilities to build Miniature 
Pulse Transformers to meet your most 
exacting specifications. 

In complex circuitry requiring low 
power combined with high reliability, 
ERIE Miniature Pulse Transformers are 
outstanding in their performance. They 
can be made with pluggable bases, ter- 
minals, or leads to meet your needs, and 
to meet MIL-T-27A specifications. 

ERIE Miniature Pulse Transformers 
can be used in switching circuits to de- 
velop pulses of desired characteristics, to 
store information, or to provide close 
coupling. 

Contact ERIE Electro-Mechanical Di- 
vision regarding your particular require- 
ments. 


Typical Applications of 
ERIE Miniature Pulse Transformers 


Computers * Counting Circuits » Blocking Oscilla- 
tors « Pulse Generators « Telemetering Systems» 
Pulse Forming Network + Control Equipment— 
Industrial and Military + Interstage Coupling 
Transformers for Pulse Amplifiers * Magnetic 
Core Memory Systems « Wave Shapers 


oe 
“7 a- 40-2 -2-30-Bae)- mete) ile) F bale). 


MAIN OFFICES: ERIE. PA U.S.A. FACTORIES: ERIE, PA. * HAWTHORNE, CALIF 
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lengths 18 in. wide or less in thick- 
nesses from 0.005 to 0.090 in.; plate 
from 14 to 3 in. thick and up to 18 
in. wide. Westinghouse Electric Corp., 
Box 2099, Pittsburgh 30, Pa. >597 


45¥_ IN. PANEL METER 


MM-5 panel meter occupies space of 
conventional 45% in. meters. and 
mounting space of ASA/MIL 3% in. 
instruments, yet provides increased 
scale length and greater readability. 
Front housing is heavy gauge brass 


AN) 
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a 
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\_ milliamperes 


OMRECT CURRENT 


finished in satin (camera) chrome or 
choice of colors. 

Moving coil mechanism provides 
tracking that can be held to % per 
cent of full scale, when plotted lin- 
early or with protractor reference for 
deflection angles up to and including 
100 deg. Marion Electrical Instrument 
Company, Grenier Field, Manchester, 


N. H. 598 


TRANSDUCER FOR MACHINE 
TOOL USES 


Transducer with a 34 in. stroke is de- 
signed for use where a signal must 
be taken from the position of a slide 
or cam, and this signal used to control 
position of another machine part or 
speed of some drive or feed motion. 

For example—a constant cutting 
speed drive where the speed (in rpm) 
of work is dependent upon position of 
cutting tool or upon diameter at which 
tool is cutting. 

Cast aluminum enclosure is gasketed 
against entrance of oil or water and 
electrical section is isolated from me- 
chanical by an inner partition. 


(Continued on page 220) 
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Another New and Better Product 
developed by FANSTEEL Research 


Twice Actual Size 


Fansteel announces 
COR-BOND Electrical Contacts 


Perfect Electrical Bond The new Fansteel Cor-Bond Electrical Contact is 

No Off-Center Contacts made for the Space Age—the age of subminiature 

No Annealed Threads assemblies where high reliability is of supreme 
importance. 

With a new and exclusive Fansteel process, 
Cor-Bond contacts are made on automatic ma- 
chines from special rod stock with a core of 
fine silver, coin silver, or any of the ductile 
Fasaloy alloys. The core, which is formed to 
make the contact face, is permanently bonded to 
the base metal. No brazing is done, no heat 
employed. 

Cor-Bond Contacts can be produced to your 
specifications quickly, and with simple tooling. 
In most cases, they cost less than the usual 
composite or force-fitted type of contacts. 

Ask for Technical Data Bulletin 7.108— 
better still, send us samples and/or drawings of 
the contacts you are using at present, and let us 
make recommendations. 


Perfectly Controlled Contours 
Quick Tooling and Delivery 
Economy 





























*Patents Pending 


Electrical Contacts and Specialties Division 


FANSTEEL METALLURGICAL CORPORATION, North CHICAGO, ILLINOIS 
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ESCO. CATALOG ! 


A deviation from one of these standard assemblies 


will give you a special switch at standard switch cost. 

The 20-page catalog includes these standard multipole switches: 
© Type P — multisection, up to 4 positions, snap 
TYPE P action, rating 10 amp. 125 v. a-c, 5 amp. 125 
v. d-c, 30, 60, 100, 200 amp. 500 v. a-c/250 v. 
d-c. Can be assembled per MIL-S-15291. 
Type JR — up to 8 positions, 30 sections max- 
imum, detent action, rating 10 amp. 125 v. 
a-c, 5 amp. 125 v. d-c. 

Type A — up to 8 positions, 7 sections max- 
imum, detent mechanism, rating 5 amp. 125 
v. a-c/30 v. d-c. 
Type AF — up to 8 positions, 6 sections max- 
imum, detent action, resistive rating 5 amp. 28 
v. d-c or 115 v. 400 cps, per MIL-S-6807. 
Type HT — up to 16 positions, 10 sections max- 
Write today for your imum, dentent action, rating 5 amp. 125 v. a-c. 
free copy of this new, Navy switches — to MIL-S-15291 and Bureau 
20-page catalog of Ships drawings 9000-S6202-73075, 73826, 
73827, 73295, 74422, and others. 
Trigger switch — heavy-duty momentary con- 
tact, with 4-conductor cable; meets Navy specs. 


TYPE HT 





ESCO o WEYMOUTH 


167 King Avenue, Weymouth 88, Massachusetts 
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Cam roll may be turned 90 deg 
from position illustrated. Wiring is fed 
through 1% in. standard pipe conduit 
connection. Conn-Trols, Pleasant Val- 


ley, Conn. >599 


MICROWAVE FERRITE 
ISOLATOR 


Model IXL10 is designed for fre- 
quency range of 9.0-10.0 kmc. Unit 
weighs 6 oz, length is 1.04 in., with 
the input and output flanges rotated 
by 45 deg. 

Min isolation is 22 db over 9-10 


kmc band; max insertion loss is 0.4 
db. Max vswr is 1.25. Other models 
available with flanges in-line or ro- 
tated 90 deg. Similar units available 
for other X-band frequencies. Ray- 
theon Manufacturing Co., Waltham 54, 
Mass. > 600 


ELECTRONIC COOLING 
PACKAGE 

Electronic cooling packages utilize a 
new design in which all cooling sys- 
tem components are combined in a 
single, integral, miniaturized assembly. 

Consists of electric motor, coolant 
pump, axial flow fan, heat exchanger, 
thermal control valve, relief valve and 
coolant reservoir. Available in variety of 
sizes and arrangements to meet broad 
range of cooling requirements. Re- 
frigeration can also be provided when 
required. 

Typical of cooling assemblies is the 
one shown in photo. Package capable 
of 600 w absorption. Overall dimen- 
sions are 8 x 844 x 914 in., including 
mounting brackets, capacitor, control 
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Another significant advance 


in electrical design 





New J-M Type 3 PR Quinterrabord is engineered specifically for 
efficient Class H (180C) insulation, Type 8 PR for Class B (130C). 


Johns-Manville announces... 


2 new hot-press-cured 


These all-new “board”’ insulations were 
developed as high-efficiency, thermally 
stable dielectric spacers to answer many 
design and cost problems in compact 
equipment. Both are made from com- 
pletely inorganic, 100% purified’ asbestos 
base sheets formed on special wet process 
cylinder machinery. Sheets are then satu- 
rated with high-grade electrical laminat- 
ing resins, and hot-press-cured for 
maximum physical and electrical values. 


Type 3 PR Quinterrabord is treated 
with a silicone resin which makes it an 
ideal dielectric spacer for Class H (180C) 
equipment. Type 8 PR Quinterrabord 
with phenolic resin content, is designed 
for efficient Class B (130C) operation. 


The new Quinterrabords are engineered 
for optimum operation as slot wedges, 


AUGUST 1958 


separators, spacers, yoke and barrier 
insulations, and control and structural 
parts—applications where limited space 
and good electrical properties count most. 
They offer 5 distinct improvements: 


1. High mechanical strength. Hot-press- 
cured combination of asbestos and resin pro- 
vides an extremely high mechanical strength 
for today’s fabrication techniques. 

2. Lasting dielectric strength. No ap- 
preciable drop after extensive operation at 
elevated temperatures. 


3. Bonus thermal stability. Both have 
been tested in continuous operation at temper- 


» 


Circle 228 on page 17 


“board” insulations... 
Type 3 PR and Type 8 PR Quinterrabord 


atures 20 degrees above class standards with 
no significant reduction of properties. 


4. Low water absorption. Type 3 PR 
tested at 1.2% or less after 24-hour immer- 


sion, Type 8 PR at 0.25%. 


5. Easier handling. Delivered in large 
48” x 48” sheets. Available in calipers from 
1/32” to 4". 


For complete specification sheets, and 
samples of both these new low-cost di- 
electric spacers, write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


JOHNS -MANVILLE 


JOHNS-MANVILLE 4) 


221 








WATERPROOF 
f MOLDED COILS 





Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 ° Wabash, Indiana 


Instant Reset, Voltage Compensated 
THERMAL TIME DELAY RELAYS 
“IR” and “STR” Series 
for military applications 





Vibration resistant — withstand 5-500 cps seseesssersercceees Bieccccces 
Ambient temperature —65°C. to +125°C. : 
Time delays — up to 180 seconds ° 
Small size — miniature > 

The “IR” and “STR” relays are part of the ¢ 

Curtiss-Wright Thermal Time Delay Relay line ¢ 

which includes: : 

H-Series : 
— vibration resistant, for missiles, aircraft ° 

S-Snapper 
— double-throw, snap-action contacts 

MR and CR 
— double-throw, fast reset, no chatter 

K, G and W 
— economical, low-cost, stocked 

For our new catalog, write or phone Electronics 

Division, Components Dept., Carlstadt, New 

Jersey, GEneva 8-4000. 


ELECTRONICS DIVISION 


CURTISS-WRIGHT= 


CORPORATION + CARLSTADT.,N. J. socodoccccccccoccecceccoscee 


eeeee 
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valve and connectors (approx 420 cu 
in.). Pesco Products Div., Borg-War- 
ner Corp., Bedford, Ohio. > 601 


PROGRAMMER STEPPER 

CONTROL 

The Programmer is available for wide 

variety of engineering projects includ- 

ing automated production systems, ma- 

chine tools and industrial products. 
Open or sealed, it operates under 


high temperatures, altitude and severe 
vibration or shock. Carries 8-12-18 or 
24 points sealed or unsealed; up to 
16 wafers and unlimited switching ar- 
rangements. Guardian Electric Mfg. 
Co., 1621 W. Walnut St.. Chicago 12, 
Ill. ->602 


ARGON-MERCURY VAPOR 
THYRATRON 


The NL-710L is an argon-mercury vapor 
2.5 amp d-c thyratron with new lug 
base. The spade terminals of the lug 
base make positive contact and elimi- 


nate socket heating and associated 
troubles. 

Ratings are: filament volts—2.5; fila- 
ment current—9 amp; anode current— 
2.5 amp d-c; peak anode current—30 
amp; peak inverse and forward volts— 
1500. National Electronics, Inc., Geneva, 
Ill. > 603 


(Continued on page 224) 
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N AUTOMATIC CONTROLS FOR HEATING e COOLING e REFRIGERATION e APPLIANCES 


ogress in mastering climate and temperature 


must start with precision controls 





Wonders for all in a constantly changing world of 
progress .. . automatically! Engineers and designers of 
original equipment in the fields of heating, cooling, 
refrigeration and diversified appliances are hard at work 
on today’s realities and tomorrow’s dreams. At 
White-Rodgers, the creative tempo is equally swift, 


for the key to such progress is Control. 


And Control is our business. We design, engineer and 


produce, in volume, precision controls for many of 





America’s biggest and most progressive equipment 
manufacturers. We think you’ll like the way we 


approach your needs. Let’s talk it over. 














precision temperature 


controls for what's WHITEVRODGERS 


doing today ...and St. Louis 6, Mi _ T 
coming tomorrow. . uis 6, Missouri + oronto 8, Canada 
Write R. C. Sherer, Vice President... an area engineer is at your service, 
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PRE-INSULATED DIAMOND GRIP terminal 


If you need terminals with bonded insulation—if you need 
corrosion resistance and wire-supporting vibration resistance— 
you have it instantly in one closure of A-MP’s matched crimping 
tool. Only one lightning-quick step for crimp-sure optimum 
strength and conductivity. A-MP PRE-INSULATED DIAMOND 
Grip Terminals exceed the most rigid military and commercial 
specifications. 

A-MP’s precision-engineered terminals are matched to pre- 
cision-engineered tools that make an exact crimp every time, 
never too little, never too much. Perfect terminations—whether 
you need one or a million. No great operating skill necessary. 
A-MP’s match-mated tooling does all the work and at lower 
installed cost than other methods of wire termination. Wire 
range is from No. 26 to No. 10. 

To solve your wire-end problems, we maintain an international 
engineering service. 

For the full story on the A-MP PRE-INSULATED DIAMOND 
Grip line, send for our catalog. 


MAGNETIC SERVO 
AMPLIFIER 

Designed for operation from standard 
single or double-speed synchro con- 
trol transformers or from bridge net- 
works, amplifier will drive variety of 
standard low-impedance, 2-phase servo 
motors delivering up to 10 w output. 


Type III amplifier unit including 
clamping diodes is contained in stand- 
ard MIL Type KA can (315%, x 
33g x 514 in.) with four mount- 
ing studs. All connections made _ to 
hermetically-sealed header in stud end. 

Will develop 30 volts for a 1-volt 
input and 70 volts for a 2.25-volt 
input. Operates from 115 volts, 60 cps. 
The Reflectone Corporation, Stamford, 
Conn. > 604 


AUTOMATIC SET SCREW 
DRIVER 


Setomatic automatically feeds, inserts 
and tightens socket set screws ranging 
in diam from No. 6 (approx. 0.138 in.) 
up to %g in., in lengths up to 34 in. 

Can make up to 2500 complete in- 
stallations an hour in as many different 
product assemblies—4 to 5 times the 
rate possible with high-speed manual 
power tools. 

Socket set screw is hollow, headless 
type of threaded fastener used in ap- 
pliances, machinery and electrical and 
electronic equipment. Machine suited 
for use either as attachment to a single 
machine or as integral part in continu- 
ous production line. Device will install 
set screws with any type point—includ- 

(Continued on page 228) 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through wholly-owned 
subsidiaries in: Canada « England « France « Holland « Japan 
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A True Short Cut to Superior Circuit Connections .. . 
The NEW ZXa,N4 FASTIN-FASTON Harness Connector . . . 
VIBRATION RESISTANT ¢ VERSATILE ¢ COMPACT 


@ For appliance and automotive wiring, Fastin-Faston saves time, money, trouble . 
in both designing and production. 

@ Firm wire support . . . perfect conductivity under severe vibration conditions even 
as a free hanging anit: Simplifies such operations as the connecting of wall switches 
to built-in ranges . . . top with bottom circuits in clothes washers . . . front and back 
assemblies to car electrical systems. 

Connects up to six separate circuits when polarized unit is snapped together. 
Finger grip engagement and disengagement. 

Uses quick, easy-to-apply Faston Terminals. Housing is fabricated of nylon for 
superior mechanical and electrical performance. UL approved. 





Write today for additional information of A-MP® Fastin-Faston Harness Connectors. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly-owned subsidiaries in: CanadaeEnglandeFranceeHollande Japan 
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FOR VOLTAGES UP TO 600... 


There’s a Safe and Dependable 
BUSS Fuse or FUSETRON Fuse 


to fit the needs of every user 


If you want to make safe protection REMAIN 
SAFE as well as REDUCE blowing fuses... 


Use BUSS Fustats (have Type S base) 


FUSTATS like Fusetron Fuses 


If you want Plug Fuses... 


Use BUSS Clear Window Plug Fuses 


Their one-piece body and 
“safety”? design guarantees pro- 
tection. 

They are most convenient to 
use too, because real big windows 
and white backgrounds permits 
entire fuse strip to be seen. Even 
in poor light a blown BUSS fuse 
is easy to find. 


Ask for BUSS Bulletin WUS 


If you want to reduce blowing of Plug 
Fuses... 


Use FUSETRON 
dual-element Plug Fuses 


FUSETRON Plug fuses pro- 
tect like ordinary fuses against 
short-circuits and overloads — 
but unlike ordinary fuses they 
won’t blow on motor starting 
currents or other harmless over- 
loads. 


They are the type of fuses rec- 
ommended in the 1953 National 
Electrical Code. 


Ask for BUSS Bulletin TCPS 


FUSES! 


A fuse has just one vital part — a thin narrow strip 
of fuse metal. When the heat of a short-circuit is 
applied, the fuse link must melt and open the circuit. 


The high speed operation of the fuse reduces to a 
minimum the danger of short-circuit damage to wiring 
and equipment. 


Fuses offer dependable protection over the years. 
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have a dual-element and therefore, 
stop needless blowing — and they 
do more. 

They have a type S base that pre- 
vents anyone from replacing them 
with a penny or substitute — or using 
a size too large to protect. 

FUSTATS fit standard plug fuse 
holders by means of an inexpensive 
adapter that locks in place and needs 
never to be replaced. 


Ask for BUSS Bulletin SCPS 


To protect motors and apparatus of 
voltages up to 125 against burnout... 


Use 0 to 14 amperes BUSS Fustats 


A FUSTAT of the proper size in- 
stalled to handle only the motor cur- 
rent will reduce to a minimum the 
chance of a motor burnout from an 
excessive over-current. In like manner 
it will protect solenoids, coils and 
transformers against burnout. 


FUSTATS have the same degree of 
Underwriters’ approval for both 
motor-running and short-circuit pro- 
tection as the most expensive devices 
made. They give all the protection it is possible to 
obtain with any device on the market. 


Ask for BUSS Bulletin SMPS 


- - » THE SAFEST AND MOST DEPENDABLE 


The fuse link is sealed in. Dust can’t get at it. 
Corrosion or oxidation can’t increase its capacity or 
lengthen its blowing time. 


There are no hinges, pivots or contacts to stick or 
get out of order. 


Millions of fuses have been in operation 30 years 
or more, because there has been no trouble on the 
circuits they are protecting and therefore no occasion 
to open. 


Play Safe! Iustal CGUSS Fuses on 
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If you want Renewable Fuses... 
Use BUSS Super-Lag Renewable Fuses 


The big advantage of these 
fuses over all other renewable 
fuses comes from the prevention 
of useless interruptions of service 
caused by needless blows. 


The reason for this perform- 
ance is found in the de- 
sign of the fuse-case 
which assures good con- 
tact on the fuse link, even 
if the fuse is renewed by 
an inexperienced person 
— and by the time-lag 
built into the link that 


If you want fuses that — abolish all needless 
blows, stop overheating in panels and 
switches, protect motors against burnouts ... 


Use FUSETRON dual-element Fuses 


With rare exceptions, 
ordinary fuses or circuit 
breakers do not protect 
except against short- 
circuit but FUSETRON 
fuses provide TEN 
POINT protection. 


1. Protect against short-circuits. 

2. Protect against needless blows caused by harmless prevents the fuse from 
overloads. : opening on motor start- 

3. Protect against needless blows caused by exces- = ing currents or other 
sive heating — lesser resistance results in much # harmless overloads. 
cooler operation. Ask for BUSS Bulletin RCS 

. Provide thermal protection — for panels and 

switches against damage from heating due to poor 


contact. if you want SAFE protection on 
. Protect motors against burnout from overloading. 


: d loads above 600 and up to 
. Protect motors against burnout due to single 5000 
phasing “Boe amps... 
ES 


. Give BouBLE burnout protection to large Use BUSS Hi-Cap Fuses 


motors — without extra cost. ; : 
. Make protection of small motors simple and in- On voltages up to 600, high speed op- 
eration on heavy shorts limits current to 


expensive. 
. Protect against waste of space and money — safe values. This minimizes damage to 
equipment and cuts down dangerous 


rmit use of proper size switches and panels. 
10. Protect coils, transformers and solenoids against stresses on transformers. 
burnout. s Ask for BUSS B Hetin HCS 
FUSETRON duel-element FUSES save you time 63 sags 
and money because they are made to PROTECT — 


not to blow. i? , To limit fault currents to very 


low values... 
Use BUSS Limitron Fuses 


The extremely fast opening charac- 
teristics of these fuses prevent heavy 
short-circuit currents from building up 


stam 


“s Sagat: oe 
if you want psn ao high fault current 
limitation ... 


Use Buss LOW-PEAK Fuses 


These fuses have current limiting under fault conditions. 
added to high merenuaes capacity ae fok ed BUSS Bulletin HLS 
and long time lag. Ret ana SY seats : sagan ssseranmnnanannsns 
co-ordinated wit i-Cap 
Pcie gg sa ay AS i seem Z : For saliniie of TV, Radio, sncanstiatantey 
origin. ic ; = Radar, Avionics and Electronic Equipment... 


— Use BUSS and FUSETRON Small 


If you want Non Renoweble Fuses... Dimension Fuses 
Use BUSS One- Time Fuses A complete line is avail- 


They save you time and 
trouble because they get the 
same engineering care in 
manufacture as do all prod- 
ucts carrying the BUSS 
Trademark. 

Every BUSS One-Time 
fuse can be depended upon 
to operate as intended under 
all service conditions. 


able. Madein Dual-element 
(slow-blowing), Renewable 
and One-Time types in 
sizes from 1/500 ampere 
up. 

And there is a companion 
line of BUSS Fuse Clips, 
Fuse Blocks and Fuse 
Holders to take them. 


Ask for BUSS Bulletin NCS Ask for BUSS Bulletin SFB 
eeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeees 


PROTECTION YET DEVISED! 


Yet, after years of inactivity, you can be sure the 
fuse will give the same safe, dependable protection 
if called upon to open as it would have on the day it 
was installed. 


NO RECALIBRATION COSTS 
When Fusetron fuses do blow, there is no recali- 
bration needed. As quickly as the fault in the circuit 
is corrected, you slip in a new fuse that has been 
CALIBRATED AT THE FACTORY BY ENGI- 
NEERS — a fuse that is as safe and dependable as 
the one that blew. 


Furetrou “Fuses Yow! 
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FOR MORE INFORMA- 
TION ON BUSS AND FUSE- 
TRON FUSES WRITE TO 
BUSSMANN MFG. DIVISION 

MCGRAW-EDISON CO. 

ST. LOUIS 7, MO. 


TRUSTWORTHY NAMES IN 
ELECTRICAL PROTECTION 


THROUGHOUT THE ENTIRE 
ELECTRICAL SYSTEM 
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ing SPS knurled cup point—at full 
recommended tightening torque. Stand- 
ard Pressed Steel Company, Jenkin- 
town, Pa. > 605 


PRESSURE RATIO COMPUTER 


Model 0557-2 accepts 2 independent 
d-c signals as low as 1 mv full-scale 
per channel and computes their ratio 
to an accuracy of 1 per cent. Em- 
ploying chopper and a-c circuitry, unit 
has virtually no drift. 

Computer contains 2 d-c differen- 





CLEVELITE* PHENoLc 


LAMINATED TUBING 


Has the electrical and mechanical ad- lt oS 
vantages your product requires whether tial chopper pre-amplifiers, each with 
: . fioating high-impedance input, power 
cores, collars, spacers, bushings, insula- supply and servo divider. Arrangement 
tors or some other application. is used in which level of inputs is 
used to control servo loop gain, al- 
lowing for dynamic ranges of input 
Clevelite is available in a range of seven signals of over 50 to 1. 


Operates on 115 volts, 60 cps power, 


grades and is produced in diameters, measures 7 x 19 x 13 in. and weighs 
wall thicknesses and lengths to your 35 lb. Magnetic Instruments Co., 546 


Commerce Street. Thornwood, New 


specifications. York. > 606 


ROTARY SELECTOR SWITCHES 
Non-tracking and insulation resistance ae switches are — of “ae 
° . : x high currents in an almost unlimitec 

are particularly outstanding. This tub-) | Scene ne abl 


number of sequences. Assemblies for 


ing also is unaffected by oils and sol- basic switching units are grouped in 2 


rows on either side of camshaft. Desig- 
vents... may be easily punched, ma- nated 20AS Series, assemblies are built 
* up from individual switches. 
chined or sawed. Millions of operating sequences are 
available, since each basic switch is 
SPDT and has its own operating cam. 
Available with 4, 6, 8, 10, 12, 14, 16, 
18 or 20 SPDT basic switching units. 
From 2 to 12 detent positions available. 
your uses for the tubing. Samples will be sent on request. Electrical rating 10 amp, 125, 250 
or 460 volts a-c; % amp, 125 volts 
Why pay more? For quality products...call CLEVELAND! | d-e; 4 amp, 250 volts d-c (per basic 
switch). Micro Switch, Freeport, IIl- 
“Reg. U. S. Pat. Off. inois. > 607 


Write for the latest Clevelite brochure mentioning, if convenient, 








PLANTS & —_ 


SALES OFFICES: comin 0. 
a PH EVELAND CONTAINER oa 
DETROIT PRESCOTT, ONT 
cHIcaGo 

MEMPHIS SALES OFFICES: 


LOS ANGELES 

PLYMOUTH, WIS. oO. aoe be 

JAMESBURG, N. 3 WASHINGTON 

JAMESBURG.N. 3. 6201 BARBERTON AVE. + CLEVELAND 2, onto oanwen 
ABRASIVE DIVISION at CLEVELAND. OH!IO 








REPRESENTATIVES: 
NEW ENGLAND: R.S. PETTIGREW & COMPANY CHICAGO: PLASTIC TUBING SALES, 5215 N. 
10 N. MAIN ST. W. HARTFORD, CONN. RAVENSWOOD AVE. CHICAGO 
NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BARRON CO. 544 
CENTRAL AVE. E. ORANGE, N. J. S. MARIPOSA AVE, LOS ANGELES 
PHILADELPHIA: MIOLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA, 
9 €. ATHENS AVE., AROMORE, PA. LTD. BOX 159 — STATION “H", TORONTO (Continued on page 230) 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS ¢ SPECIAL ASSEMBLIES 








SOLVE SPACE AND WIRING PROBLEMS 
with Switch/Light Combinations 


You probably use these Hether- 
ington Switch/Light combinations 
every time you travel via leading 
air lines., Here they are used as 
hostess call lights. As you may 
have suspected, however, this is 
just the beginning of their useful- 
ness—both in aircraft as well as in 
commercial instrumentation and 
control uses. Their unique combi- 
nation of single- or double-pole 
switching action together with an 
illuminating push button offers 
definite advantages in terms of 
greatly reduced panel space and 
the elimination of switch-to-light 
wiring. Usually the entire assembly 
takes no more space than a con- 
ventional switch alone. 


Of particular importance for 
many applications, Hetherington 
Switch/Light combinations make 
it easier for operators to keep closer 
tabs on crowded panels without 
confusing control functions. By 
connecting the light to an exter- 
nally controlled circuit the illumi- 
nated button virtually cries, “Push 
Me,” toattract the operator’s atten- 
tion at the right time. In other 
models, lamp circuits are controlled 
by the main switch contacts or by 
a second set of auxiliary contacts. 


Typical contact ratings are 15 
amps at 30 volts ac-dc. Illuminated 
buttons can be made in virtually 
any color, shape or size. 
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HERE’S EXTRA SAFETY 
FOR WARNING LIGHT 
APPLICATIONS 
JUST “PRESS TO TEST” 


Ever wonder whether a warning light 
for a critical circuit was merely OFF 
or whether the bulb was burned-out? 


If so, you'll appreciate the “Press- 
to-Test” feature of this tiny Hether- 
ington Type L3200 light. 

The lamp and its circuit can be 
“checked-out” simply by pressing on 
the spring-mounted plastic lens cap. 
This makes contact through a sepa- 
rate third terminal circuit. When cap 
is released, the lamp functions 
through the regular circuit. 

The long plastic lens of the L3200 
gives wide, 180-degree visibility with 
either standard or edge-lit panels. 
Uses AN3140 lamps. For more de- 
tails, write for Bulletin L-2b. - 
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BETTER SWITCHES FOR 
BETTER APPLIANCES 


A good electrical product deserves a 
good switch—and for types in the 5 to 
50 ampere range that means Hether- 
ington. Sturdy, good-looking switches 
—both push button, toggle, rotary, 
and other types—for unique operat- 
ing or mounting requirements have 
long been a Hetherington specialty. 
Chances are, Hetherington switch 
engineers can recommend something 
out-of-the-ordinary that will enhance 
the appearance and saleability of 
your electrical products while assur- 
ing long, happy switch performance. 


HETHERINGTON INC. 


designed for use 
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NEW PUSH BUTTON SWITCHES FOR AVIATION’S 
TOUGHEST JOBS .. . Designed to MIL-S-6743 Specs 


Re. 





Designed to MIL-S-6743 drawing 
MS25089, these rugged, fully mois- 
ture-proofed snap action switches 
take a full 50 G shock and wide-am- 
plitude vibrations up to 55 cps with- 
out contact transfer. 

The basic switch can be fitted with 
any of eight different anodized alu- 
minum mounting adapters, such as 
those illustrated, to meet virtually 


BB, 


any mounting or design requirement. 

Two-circuit, three-terminal, SP- 
DT, and other contact arrangements 
are available with ratings up to 10 
amps, 28 volts dc. Ask for details on 
Hetherington Series W100. 

Similar switches for non-MIL and 
industrial applications are available 
in over 1800 different types as Heth- 
erington Series “JR.” 
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DELMAR DRIVE, FOLCROFT, PA. « 


where one failure is 


139 Illinois St., El Segundo, Calif. 


one too many 





unique 


SINE WAVES 


from 5 cps to 600 kc 


SQUARE WAVES 


from 5 cps to 600 kc 





with the 


PRECISTON F , : 1 0) 


MODEL 


WIDE-RANGE SINE and SQUARE WAVE GENERATOR 


The only generator on the market today offering both sine and 
Square wave coverage of the subsonic, audio, supersonic and lower RF spectra at a 
moderate price. The 6-inch tuning dial has a 12:1 drive ratio and provides an effective 
scale length of 85 inches over the 5 tuning bands. Tuning accuracy is within 1% 
from 100 cps to 600 kc and within 1 cycle below 100 cps. Output is within +1 db 
over each of the 5 bands and within +1 db from band to band. Distortion is less 
than 1% at the maximum output levei of 10 volts (r. m. s.) into 600 ohms. Square 
wave rise time is 0.15 usec. 

The complete PRECISION line, comprising 
a wide range of high-quality electronic test instruments, includes 
the suitable vacuum-tube voltmeters and oscilloscopes to com- 
plement the Model E-310 for exacting waveform analysis and fre- 
quency response tests. Write for detailed new catalog describing 
and illustrating the entire line. 


PRECISION Model ES-550 


Cathode-Ray Oscillograph $235.00 net 
e Ideal companion instrument to the E-310 
e 5 Mc bandwidth ¢ 10 mv/inch sensitivity 





PRECISION test equipment is available and on 
display at leading electronic parts distributors. 


PRECISTON Apparatus Company, inc. 


70-31 84th Street, Glendale 27, Long Island, New York 
"pg ot Export: Morhan Exporting Corp., 458 Broadway, N. Y. 13, N. Y., U.S.A. 
“tree oF pat Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 19, Ontario 


MANUFACTURERS OF HIGH-QUALITY ELECTRONIC TEST EQUIPMENT FOR OVER 26 YEARS 
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Laboratory 


and 
Engineering 
Equipment 





TRANSISTORIZED POWER 
SUPPLIES 


Series of transistorized power supplies 
features 3-way short-circuit protection, 
including high-speed, all-electronic cir- 
cuit breaker. 

Additional features are remote con- 
trol and remote sensing. Regulation 


is 0.1 per cent or 0.01 volt for extremes 
of line and load. Ripple is less than 
0.001 volt. 

Available in both narrow and wide 
range designs. Narrow range models 
cover all standard battery voltages. 
Wide range models start at 0 to 7 
volts and are available in ranges up to 
0 to 36 volts. Current ratings up to 
15 amp. Electronic Measurements Co., 
Inc., Eatontown, N. J. ->608 


RADIOACTIVE MACHINE 
INSPECTS HIDDEN PARTS 


The Atomonitor is a machine which 
employs radioactivity to inspect pro- 
duction-line assemblies for the pres- 
ence of hidden vital parts. The U. S. 
Army Ordnance Corps has purchased 
the first model for checking artillery- 
shell fuse heads to make sure they 
contain a complete firing-pin assembly. 

Applications include inspection of 
instruments, electrical and electronic 
apparatus, motor components, or almost 
any relatively small assembly in which 
the vital part cannot be seen or felt 


\ NPs 
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New steels are 
born at 


WHERE YOU 


NEED THIS COMBINATION... 





SERRA IS 


S 


HIGH PERMEABILITY 
AT LOW INDUCTIONS 


PUNCHABILITY 


UNIFORM DIRECTIONAL 
PROPERTIES 








Armco TRAN-COR A-6 offers opportunities to cut costs 


Armco’s special electrical steel, TRAN- 
Cor A-6, provides an unusual combi- 
nation of properties that gives you the 
opportunity to cut production costs and 
improve performance. Available in cut 
lengths and coils in 26 and 29 gage, 
TRAN-Cor A-6 may be the answer to 
your problem, may enable you to get an 
edge on competition. 


HIGH PERMEABILITY GUARANTEED 


Processed and production-tested for 


high permeability at low and moderate 
inductions, TRAN-Cor A-6 assures per- 
formance as designed. Minimum per- 
meability limit by a-c bridge test is 2150 
at 100 gausses; at 6000 gausses typical 
a-c permeability is 13,000. 

ADDED ADVANTAGES 

Magnetic properties of Armco TRAN- 
Cor A-6 are reasonably uniform in all 
directions, ductility adequate for punch- 
ing, core loss is low, and availability in 


coils or cut lengths permits most eco- 
nomical fabrication in your plant. 

For audio, TV and instrument trans- 
formers, high-impedance devices, servo 
mechanisms and similar equipment, 
consider how the special properties of 
Armco TRAN-Cor A-6 can help you im- 
prove performance and cut production 
costs. Write us for complete data on 
this special electrical steel. Armco Steel 
Corporation, 2598 Curtis Street, Mid- 
dletown, Ohio. 


ARMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation « Southwest Steel Products 
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VINYL GLASS 


e fe 
esinite 
VINYL 


lorie 


New Resinite Vinyl Glass can really take it! Endures flexing, creasing, 


twisting, pounding, vibration, high heat, oils, gases and mild acids with- 


out cracking, crazing or loss of its high 8,000 volt dielectric strength. 
A vastly superior vinyl-coated Fiberglas* sleeving that surpasses all 
NEMA standards. 


¢ Better color stability and ¢ Excellent resistance to oils, 
smooth, clean surface texture. gases, chemicals, mild acids. 


e New process assures perma- © No wicking. 
nt adhesi f vinyl coating. 
ne seege-elbrviaaings ° Grades B-A-1, B-B-1, B-C-I, 


¢ 8.000 volts min. dielectric 
rating. Also 4,000 volt grade. B-C-2. Exceeds NEMA standards. 
¢ Sizes #24 to 2”. Black, yellow. 


¢ Outstanding flexing, abrasion ( 
Other colors, on special order. 


and cut-through resistance. 
¢ Withstands heat to 395°F. ¢ Priced comparably to ordinary 
cotton base insulations. 


(20 hrs). Flexible at -50°F. 


Test it yourself! Call your Resinite distributor or 
write for samples and performance data. 


"Reg. TM—Owens-Corning Fiberglas Corp. 


os ee 
esinite 
tHe Worden CHEMICAL COMPANY Resinite Department 


Plants: Santa Barbara, Calif. + No. Andover, Mass 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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once the assembly is complete. 

The parts which the Atomonitor 
“looks for” are plated with “ooth of a 
microcurie of radioactive silver. Inex- 
pensive and easy to apply, this ma- 
terial presents no health hazard even 
in great quantities. NRD Instrument 
Div., Nuclear Corp. of America, 400 
Park Ave., New York 17, N. Y. 609 


REGULATED D-C POWER 
SUPPLY 


Model LAB-90 high-voltage regulated 
d-c power supply provides voltages 
continuously variable from 0 to 90 kv. 
Output current is 1 ma at 80 kv; 2 ma 
from 40 kv down. 

Voltage regulation is better than 1 


pec cent throughout range. Panel di- 
mensions: 19 in. wide, 26 in. high, 
18 in. deep. Available complete with 
high-voltage meter in either positive 
or negative output. Spellman Televi- 
sion Co., 3029 Webster Ave., New 
York 67, N. Y. >610 


DIGITAL READOUT 
MICROMETER 


Digital read-out automatic electronic 
micrometer features adjustable meas- 
uring pressure. Standard reference 
measuring pressures can be set to 1.5, 
5, 10 or 20 grams, and with special 
tip, a negligible measuring pressure is 
available. 

Can measure fragile or compressible 
materials, conducting or nonconduct- 
ing, as well as metallic or hard parts. 

Direct-reading counter on face reads 
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Photo shows wide variety of Cambion® components. Upper left, handles, knobs, panel screws, and binding posts. Upper right, standard and miniature terminal 
boards, phenolic and ceramic. Lower left, split lug terminals, insulated terminals in ceramic and Teflon.* Lower right, diode clips, battery clips, plugs and jacks. 


Common denominator — Cambion reliability. 


*DuPont Reg. T.M. 


Standardized durability meets great expectations! 


Durability is not just a Cambion 
term — it’s practically a manufacturing 
process! Take the above line of 
Cambion hardware for example 
every one of its components is uncon- 
ditionally guaranteed — in any quan- 
tity! That’s high quality control 
quality control that meets or betters all 
applicable military and government 
specifications. Cambion engineers qual- 
ity control the raw material, each step 
of production and the finished product 
— the result — exceptional durability. 

Best of all you get this durability 
economically. In fact — you couldn’t 
make such hardware items cheaper 
yourself! Our large selection of stand- 


ard panel and chassis hardware fills 
most needs. If you require custom de- 
sign, get in touch with us directly. 
Send for Cambion’s Catalog 600 — 
it has all the details of Cambion’s com- 
plete hardware line. Write to Sales 
Engineering Dept., Cambridge Therm- 


ionic Corporation, 453 Concord Ave., 
Cambridge 38, Mass. On the West 
Coast contact E. V. Roberts and As- 
sociates, Inc., 5068 West Washington 
Blvd., Los Angeles 16, Calif. In Canada: 
Cambridge Thermionic of Canada 
Limited, Montreal, P.Q. 


OA J 
CAMBRIDGE THERMIONIC CORPORATION ~ 
/4\ [53/] oF hie 
f \ 


Makers of guaranteed electronic components, custom or standard 


SEE CAMBION GUARANTEED COMPONENTS ON DISPLAY AT BOOTH 1139, 1958 WESCON SHOW, PAN PACIFIC AUDITORIUM, LOS ANGELES. August 19th through 22nd. 
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* 
General Electric announces =| *.’.5.n08.s 
wheel reads to 20 millionths. Operates 


from lever or foot switch. J. W. Dice 


new “VERY LOW CURRENT” lamp “=? 


STRAIN-GAGE 


for use as indicators POWER SUPPLY 


Model 2-200 transistorized supply pro- 


& ® s s | vides 0-15 volts at 0-5 amp, with less 
for transistorized circuits than 1 mv drift over a 24-hr. period 
at constant temperature, and less than 
0.001 per cent per deg F change with 
| temperature variations. 
A possible use: as an indicator on a flip-flop circuit. A 10 per cent change in line volt- 





NO 344 LAMP 








age will produce a change of less than 
2 mv in output, while a 1 amp change 
in load current will produce less than 
1 mv change in output. Ripple is less 
than 1 mv peak to peak under all 
load conditions. 
Specifically for applications where 
large numbers of transducers must be 
| powered from a single, stable source, 
Re 2-200 will handle 100 _ bridge-type 
i transducers each with an impedance 
Ld of 100 ohms and requiring 5-volt ex- 
= citation. Neff Instrument Corp., 2211 
E. Foothill Blvd., Pasadena, Cali- 
fornia. > 612 
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GE-344 incandescent lamp is rated at 10 volts, 
15 milliamperes; has life in excess of 5,000 hours | Titenvuviow Box 


General Electric’s new GE-344 is de- | Zeniac has been developed to aid the 
; . * : , ~~ | design engineer in rapid selection of 
signed for use in transistor circuits and 


| zener diodes for experimental bread- 
many other applications where a small “ine a It we diode yw 
. " . . : | 0x Offering a selection o asic 
sized, low current indicator lamp 1S 1 w= silicon zener diodes covering 
ots . 5/"" | range from 3.6 to 30 volts. 
needed. Only ae diameter, $3 long, >> Housed in compact, portable unit 
the GE-344 can be seen lighted under 100 _s | which may be inserted into any bread- 
‘ , ' board circuit—a turn of selector 
footcandles of surrounding light. It uses 
only .15 watts (nominal), has a single con- 
tact midget flange base, and its electrical ratings allow signifi- | 
cant savings in providing an indicator light in transistorized | 
equipment. For additional engineering data on this new GE-344 | 
lamp, write: General Electric Co., Miniature Lamp Dept. EM-88, | 


Nela Park, Cleveland 12, Ohio. Ask for Bulletin No. 3-8066. | 





Twice actual size 











Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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INSULATOR 


CABLE GRIP 


ROLLER NUMBER TAG 


GASKETS 


FORMED CLAMPS 


BUSHING 


BINDER BUSHINGS GOLF-CLUB FACINGS 


FIBRE-the low-cost insulation of 1001 uses 


Look what Diamond Vulcanized Fibre can do for you! 
And look what you or CDF can do with it! 


If you can keep high-quality fibre clear of its worst 
enemy—moisture—you have the best economical in- 
sulating material you’d ever want for high arc-resistance, 
non-tracking, and long-time dielectric strength. 


UNIQUE PROPERTIES + The high tensile, flexural, and 
impact strengths, the easy workability (ideal for screw 
machines), the Rockwell hardness (to R80), the light 
weight (half that of aluminum), the low cost, and the 
excellent electrical characteristics (arc-resistance up to 
150 sec.) of CDF Fibre make it a highly attractive 
basic insulation for cost-conscious designers and pur- 
chasing men. Put these properties to work in your 
product. 
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FABRICATION FACILITIES - CDF has excellent and ex- 
tensive facilities and know-how for turning out finished 
Diamond Vulcanized Fibre parts—better and more 
economically than you can do it yourself. We meet 
your specifications and your production schedules, and 
save you time and money in the bargain. 


Send us your print or your problem, and we'll return 
technical literature. For the phone number of the CDF 
sales engineer nearest you, see Sweet’s, Electronics 
Buyers’ Guide, and other directories. 


CDF makes Di-Clad printed-circuit laminates, Di d Vulcanized Fibre, 
CDF products of Teflon, flexible insulating tapes, Dilecto laminated plastics, 
Celoron molded products, Micabond mica products, Spiral Tubing, Vulcoid. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE —f¥eye4ef- COMPANY + NEWARK 13, DEL. 
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GENERAL CABLE 


switch rapidly determines exact diode 
required. International Rectifier Corp., 


the Cc re) Mm plete i ine of ce E. Grand Avenue, El a 


TRANSISTOR POWER 
SUPPLIES 


Two lines of power supplies featuring 
a high current series and a regulated 
series have been developed for tran- 
sistor applications. 

High current series operates from 
115 volts a-c, and develops variable 


Long experience in the manufacture of magnet wire has enabled General 
Cable to develop the industry’s widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General Cable... they have the right 
packaging for you. 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


d-c outputs as high as 50 volts with 
currents as high as 2 amp. Internal 
impedances as low as 1.3 ohms with 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 23 
through 27 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
ore palletized for shipment. 


Payout Equipment General Cable also has available a com- 


plete line of accessories used in the take off of wire from STAR-PAK pails and drums 


or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-fo-Coast 


for quality and service 


...Specity “ 
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ripple factors less than 1 per cent. 
Regulated series has adjustable out- 
put from zero to 28 volts with internal 
impedance of 1.1 ohms at 1 amp. 
Regulated throughout range from 5 to 
28 volts. Ferrotran Electronics Co., 693 
Broadway, New York 12, N. Y. >614 


DOUBLE PULSE GENERATOR 


Model B3-3 double pulse generator 
provides two pulses of identical am- 
plitude and polarity from a_ single 
pulse-forming unit. Single pulses can 
be generated at rates up to 1 me and 
pulse pairs can be generated at rates 
up to 500 ke. 

Each pulse width variable from 
0.08 psec to 10,000 psec and the 
pulse delays are variable up to 10,000 
psec. Repetition of internal oscillator 
from 10 cycles to 1 me or instrument 
may be triggered externally. 

Uses include resolving time tests of 
counters, setting pulse patterns for 


ELECTRICAL MANUFACTURING 





If it’s quality you’re after, 


call a Hoover Man 


When you buy a quality product you 
want to be sure you get what you 
paid for. That’s why so many of 
America’s leading manufacturers buy 


Hea from Hoover. We’re specialists in qual- 


ity aluminum and zinc alloy die cast- 
ings. Our quality-control program is 
second to none. Why not let one of 
our Sales Engineers tell you about us? 
A phone call or letter will bring him. 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 Ce) 


In Canada—Hamilton, Ontario 


DIE CASTING » HOOVER 
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For the engineer who 
refuses to stagnate 


| 


HH the world is half asleep! Men who could be making twice their present 
salaries are coasting along, hoping for promotions but doing nothing to 
bring themselves forcefully to the attention of management. 


They're wasting the most fruitful years of their business lives . . . throwing away 
thousands of dollars they may never be able to make up. And, oddly enough, 
they don’t realize—even remotely—the tragic consequences of their failure to 
forge ahead while time is still on their side. 


Engineers and other technically-trained men are particularly prone to “drift 
with the tide” because their starting salaries are reasonably high and promotions 
come at regular intervals early in their careers. It isn’t until later—too much 
later in many cases—that they discover there is a definite ceiling on their incomes 
as technicians. 


Send for Your Free Copy of ‘Forging Ahead in Business’’ 


If you want to discover how to succeed while you are still young—if you want 
to avoid the. heartbreak of failure in later years—send today for “Forging Ahead 
in Business” ... one of the most practical and realistic booklets ever written on 
the problems of personal advancement. 





Here you will find—not a “pep-talk,” not an academic lecture—but cold, hard 
facts or how to improve your position and increase your income. You will be 
told what the qualifications of an executive are in today’s competitive market... 
what you must know to make $15,000, $20,000 or more a year ... what you must 
do to accumulate this knowledge. 


“Forging Ahead in Business” was written for mature, ambitious men who seri- 
ously want to get down to bed-rock in their thinking about their business future, 
If you feel it is meant for you, simply fill in and return this coupon. Your com- 
plimentary copy will be mailed to you promptly. 





ALEXANDER HAMILTON INSTITUTE 
Dept. 649, 71 W. 23rd Street, New York 10, N. Y. 
In Canada: 57 Bloor St., W., Toronto, Ontario, Canada 


“FORGING AHEAD IN BUSINESS” 


Name 

Firm Name 
Business Address 
Position 


Home Address .. 





Please Mail Me, Without Cost, a Copy of Your 48-Page Book— 
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computers, high-speed transistor cir- 
cuit studies. Rutherford Electronics 
Co., 8944 Lindblade St., Culver City, 
Calif. >615 


STRIP CHART RECORDER 


Model 80 provides push-button chart 
speed selection, a 10-in. chart width, 
multiple-range span controls, and re- 
mote control facilities. 

Entire chart transport is mounted 
on slides permitting it to be drawn 


forward to a fully exposed position 
for chart installation or inspection. Con- 
trols are on panel below chart mech- 
anism for operation without interfering 
with chart observation. 
Specifications: sensitivity, 0.1 per 
cent of span (0.05 per cent dead 
zone); pen speed, up to 4 sec for 
full scale travel; speeds of model 
shown, 2, 4, 6, 8, 15 and 60 ipm; 
input resistance, 200,000 ohms per 
volt to 10 volts, 2 megohms on higher 
ranges; accuracy, +0.25 per cent. 
F. L. Moseley Co., 409 N. Fair Oaks 
Ave., Pasadena, Calif. >616 


PORTABLE VOLTMETER 


Model R-3 measures a-c voltages from 
1 mv to 1000 volts full scale, positive 
and negative d-c voltages from 1 to 1000 
volts full scale, and half-scale resist- 
ance readings from 10 ohms to 10 meg- 
ohms at an overall 3 per cent accuracy 
on all readings. Also has an electrom- 
eter input for measuring 0-1 volt 
d-c impedance greater than 10,000 
megohms. 

Battery-powered transistor circuitry 
provides good reliability, eliminates 
warm-up time, and gives immunity to 
power-line transients which could dam- 
age transistors or give rise to erroneous 
readings. Easily replaceable battery 
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DOW LIQUID EPOXY RESINS 


VISCOSITY (CPS) 


COLOR (GARDNER) 
EPOXIDE 


EQUIVALENT WEIGHT 


Avoilable in drums, truck 


r j 
Try Dow the basic sour 


This hand-poured casting was not evacuated to remove bubbles. 











See for yourself the clarity of new Dow Epoxy! 


This unretouched photo demonstrates how easy it is to see 
through several inches of Dow Epoxy Resin 332—and thus 
how easy it is to visually inspect parts which are encapsu- 
lated in D. E. R. 332. 

But a perfect inspection “window” is not the only advantage 
you get when you use D. E. R. 332 for encapsulation. Com- 
pared to ordinary epoxies, the high purity of D. E. R. 332 
makes possible more uniformity, lower viscosity, longer 
pot life and greater heat resistance. Of special interest also 
for electrical applications, D. E. R. 332 and D. E. R. 331 
are very low in total and hydrolyzable chlorides. 


D. E. R. 331 is a standard unmodified resin designed for 
customary applications and D. E. R. 334 is a modified low- 
viscosity resin especially suited for laminating. 

All three of these Dow Liquid Epoxy Resins are available 
for prompt delivery to you in drums, truck or tank car lots. 
For complete information on Dow liquid and solid epoxies 
and epoxy novolaks, call your 

nearest Dow sales office. Or 

write THE DOW CHEMICAL 

COMPANY, Midland, Michigan, 

Coatings Sales Dept. 2262N-1. 


YOU CAN DEPEND ON 
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source use 414 volt C-type batteries 
giving over 300 hours life. Southwest- 
ern Industrial Electronics Co., 2831 
Post Oak Road, P. O. Box 13058, 


Houston 10, Texas. ->617 


FORWARD CURRENT TESTER 


Model FT-1 forward current tester has 
been designed for quantity testing by 
unskilled as well as skilled laboratory 
technicians. 

Specifications: output voltage 0-3 
volts d-c. Line regulation and load 


YOUR MONEY! pm 


: regulation better than 10 my. Ripple 
D and noise less than 2 my peak to peak. 
Down positions measure current to 


3000 ma. Up positions measure output 
voltage on 0-3000 and 0-1000 mv ranges. 
TRI DG E HE ATI AG c U iad iT Design features: combination tube 
and transistor circuitry with current- 
limited voltage supply; mirror-back (1 
per cent meter) used together with 











recorder output, and internal or ex- 
ternal load sensing. Trans Electronics, 
Inc., 7349 Canoga Ave., Canoga Park, 
A new concept in design and manufactur- Calif. 618 
ing techniques has produced the FIREROD 
— capable of r@fdering 5 to 10 times the 8-CHANNEL RECORDING 
life of standard units, thus eliminating SYSTEM 
costly delays caused by burnouts. Because 
the FIREROD has the ability to operate at Eight-channel linear recording system, 
very high watts densities and temperatures, Model RD 168400, has rectilinear read- 
operation at normal watts densities and out and thermal writing. Medium gain 
temperatures gives a greatly extended life d-c system features choice of 2  indi- 
and reduces your cost of operation. 


The rugged FIREROD is better able to with- 
stand rough handling, shock and other field 
conditions (such as over-voltage surges) 
without the breakdowns encountered in 
ordinary units. 


Watt for watt, the long lasting FIREROD 
offers you maximum value 
for your heating dollar. 


WRITE FOR FIREROD BULLETIN S365 


\ 


vidual plug-in amplifiers. One features 


ELECTRIC MANUFACTURING CO. high sensitivity of 10 mv per chart 


1362 Ferguson Avenue line (mm) with stability better than 
RON Saint Louis 14, Missouri Vo chart line per hr. 
a (Continued on page 242) 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 





¢ 321 Stainless 
¢ 410 Stainless 


* 405 Stainless 
* SAE 1020 


present size range: 
maximum—5%% in. diam. 


circumscribing circle; 
minimum—0.4 sq. in. area 





© 304 Stainless 
¢ SAE 4340 


Here’s how highly intricate steel extrusions from 
Allegheny Ludium help you cut costs 


Allegheny Ludlum Extrusions can help you cut costs, save 
money. If you are now rolling, casting or machining steel 
parts like these, consider the cost-cutting features inherent 
in extruding metal, already proved by non-ferrous extrusions 
during the last 10 years. 

A-L high-quality Steel Extrusions can save you money on 
four very important counts. (1) Orders are taken in quanti- 
ties as small as 40 pounds. No large tonnage rolling require- 
ments. (2) Charge for die design is low—under $200. No 
expensive rolls to cut. (3) Machining costs are slashed 
to a minimum; there’s no waste of material. (4) Extruding 


ALLEGHENY 














saves time from the order to availability of finished parts. 

There is no limit to what steels can be extruded. Allezheny 
Ludlum works everything from all stainless grades to carbon 
and electrical steels, high temperature alloys, nickel alloys 
and even metals such as zirconium. 

Prove to yourself that extruding steel can save you money. 
Write for Allegheny Ludlum's 12-page technical bulletin, full 
of process explanations, material properties, design tips, etc. 
Or contact your nearest A-L office for technical assistance. 

Allegheny Ludlum Steel Corporation, Oliver Blidg., 
Pittsburgh 22, Pennsylvania. Address Dept. EM-8. 


wsw 7120 


LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS ... 


EVERY HELP IN USING IT 
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gear-head 
aalejcels 


Just one of 
hundreds of 
Brevel variations 


PROVIDES LOW-COST 


SLOW MOTION 


This gear-head motor, like all Brevel motors, is volume pro- 
duced to your exact specifications—or you can order from 
a wide stock selection. Modifications are easily made to meet 
desired speed, rotation, shaft length, and type of application 
(continuous or intermittent). 

Write, wire or phone today, for informative bulletin EM-104. 
Better still, outline your problem or send us your specifications— 


BREVEL PRODUCTS CORP., 601 W. 26th St., New York » WA 4-4737 


SLOW MOTION IS OUR 
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"7, 
TIMER RELAY 
that handles all 
controlled timing 


% No false contacts 

% Non sticking 

% Practically ‘fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 
normally open or normally closed 
action, 


COIL 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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COIL 
ENERGIZED 


DE-ENERGIZED 








Features good stability, better than 


; line per hr, and sensitivity 


10 chart 
of 50 my per chart line (mm). Thermal 
writing feature provides immediate 
traces, uniform both in density and 
width, producing easy-to-read charts. 
Enclosed _ in floor 
offering horizontal plane writing table, 
fast paper loading, simple inspection 
and adjustment provisions. Brush In- 
struments, Div. of Clevite Corp., 3405 
Perkins Ave., Cleveland, Ohio. —>619 


mobile console, 


SPECTRUM ANALYZER 
Covering a frequency range from 200 
cps to 15 me, the SPA-3 displays 
spectrum segments up to 3 me wide, 
between 0 and 
13.5 me by means of calibrated tuning 
control. Continuously variable 


centered anywhere 


resolu- 


tion from 200 cps to 30 ke and a vari- 
able scan rate from 1 cps to 60 cps 
permit fine spectrum 
content, 

Has three amplitude scales, linear, 
10 db log and Power; 100 db cali- 
brated attenuators; 20 pv full-scale 
sensitivity; and flatness of 
+1 db. Input impedance nominally 72 
ohms. 

Can be used for video analysis, pulse 
spectra, ukrasonic and 
r-f waveform analysis. Panoramic 
Radio Products, Inc., 514 So. Fulton 


Ave., Mount Vernon, N. Y. ->620 


definition of 


response 


noise studies, 





Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 


further information on— 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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Aeroquip Model F-2152 assembles and disassembles Aeroquip 
Flexible Hoses and standard fittings. These assemblies are widely used 
in aircraft, industrial, farm, marine and railroad applications. 


precision torquing 


on sa~eroquip Hose 


Assembly Machines 


...With Fawick SC Magnetic Clutches 


Regulation of current to clutch controls tightening of 
hose fittings, improves machine efficiency 


Aeroquip Corporation’s new Hose Assembly Machines, using 

Fawick Magnetic Clutches, tighten various size hose fittings to 

the exact degree of tightness required. Torque control is accom- 

plished by regulating current to the clutch. With each change of 

hose and fitting size, the operator repositions a powerstat control 

mn | dial to the predetermined torque requirement. The Fawick Clutch 

CHUCK (|S Ee ih delivers desired driving power . . . then accurately slips when the 


ASSEMBLY assembly has been correctly tightened. 


According to Aeroquip Chief Tool Engineer W. R. Cowan, 
“Fawick Clutches were selected because they proved capable of 
maintaining consistent torque characteristics. We found we could 


depend upon them for accurate control of tightening needed to 


make our assembled products safe and reliable.” 
Drawing shows application of the Fawick SC-650 Mag- Aeroquip Corporation (Jackson, Michigan) is one of the many 


netic Clutch in the Aeroquip Model F-2152.Hose Assem- builders and users of precision machinery who are discovering the 


bly Machine. Clutch housing is filled with SAE No. 10 oil. yerformance and design advantages of Fawick Magnetic Clutches. 


160 
150 
140 


Models are available with diameters from 2 to 13 inches, torque 
ratings from 36 to 48,000 in.-lbs. The new Bulletin M-101-A con- 


tains complete information. Write for your copy today. 
RUNNING TORQUE 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD + CLEVELAND 11, OHIO 


Fawick Canada, Ltd., 60 Hunt St., West 
Toronto, Ontario, Canada 


PERCENT OF RATED RUNNING TORQUE 


20 40 60, 80 100 120 140 160 
PERCENT OF RATED AMPS 


Curves show the direct relationship between current input 
and torque capacity of Fawick Magnetic Clutches. INDUSTRIAL CLUTCHES AND BRAKES 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 
for the 
Design Engineer 


All-new listings of manufacturer’s literature just off the press .. . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 





SILICONE INSULATING COMPONENTS 

Selection guide 10-109 to silicone in- 
sulating components describes and 
illustrates step-by-step procedure for 
winding electric motors. Another fea- 
ture is selection guide to materials 
and components for insulation systems 
of several different temperature classes. 
Lists all insulating components for 
random-wound and form-wound rotors 
and stators. Dow Corning Corp. 621 


SOLDER TERMINAL WALL CHART— 
A 21 x 27 in. wall chart of Cambion 
solder terminals is offered for design 
engineers working with circuit design 
problems. Developed for quick refer- 
ence, chart shows actual scale draw- 
ings, including dimensions and materi- 
als, of 60 of most commonly-used 
Cambion solder terminals. Describes in 
detail Cambion solder terminal kit for 
design engineers. Cambridge Ther- 
mionic Corp. > 622 


HIGH PRESSURE SWITCH SEALS—FEn- 
gineering bulletin HEX-10 illustrates 
and describes single-unit high pressure 
seals for subminiature toggle and push- 
button switches. Called Hexseals, 
switch-boots replace hexagonal mount- 
ting nut ordinarily used to mount a 
switch, and serve as both seal and 
locknut. Includes performance and 


construction specifications. Automatic 
& Precision Mfg. Co. —>623 
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“VIBRATION AND ITS MEASURE- 
MENT” FILM—Technical film entitled 
“Vibration and its Measurement,” a 
20-minute color-sound 16mm film, will 
be of interest to anyone associated with 
dynamic measurements. The film be- 
gins with a discussion of the nature 
of vibration and design criteria for a 
measuring instrument and concludes 
with a trip through the company’s 
manufacturing and calibration facili- 
ties. Endevco Corp. > 624 


ADHESIVES, COATINGS, SEALERS— 
Twenty-three page catalog lists official 
US Govt. Specifications for variety of 
adhesives, coatings and sealers. Lists, 
in numerical form, Military, Army, 
and Federal specifications, definitions, 
and corresponding 3M adhesive, coat- 
ing or sealer that meets these specifi- 
cations. Adhesives, Coatings and Seal- 
ers Div., Minnesota Mining & Manu- 
facturing Co. > 625 


SYNCHRONOUS MOTORS AND GEN- 
ERATORS—Six-page Bulletin SB-154 
describes line of high-speed synchro- 
nous motors from 20 hp to 3500 hp at 
208 to 2300 volts and high-speed syn- 
chronous generators to 2500 kw. Illus- 
trated with motor construction features, 
with section describing synchronous 
generators designed for use with diesel 
engines. Marathon Electric Manufac- 
turing Corp. > 626 


SWITCHING REACTORS—Sixteen page 
catalog S-10 on line of standard 
switching reactors for one-step, static 
control describes 2 types of units in- 
cluded in line; one operates from 
standard line 120 voltages, the other 
delivers standard load voltages. Avail- 
able with as many as 5 control wind- 
ings, both are offered in 15, 75, 150, 
and 300 va ratings. Control, a Div. of 
Magnetics, Inc. ->627 


INSULATION TUBING SAMPLE BOARD 
—Sample board for Turbo plastic and 
coated insulation tubing, a 4-page pub- 
lication, includes samples, applicable 
specifications, operating temperatures, 
available sizes, standard colors stocked 
and general description of Turbo 
plastic and coated insulation tubings. 


The William Brand & Co., Inc. 628 


RESIN DATA CHART—Multicolored 
wall chart is available showing a com- 
pilation of data for various standard 
resins. Interesting properties such as 
thermal expansion coefficient and maxi- 
mum and minimum use temperatures 
are shown. Information given as to 
possible uses and expected results. 
Emerson & Cuming, Inc. > 629 


SEMICONDUCTOR PRODUCTS—Folder 
HSD-1-458 covers full line of semi- 
conductor products, including all elec- 
trical and physical specifications. Prod- 
uct lines have been broken down into 
some of the following categories: gen- 
eral-purpose silicon junction diodes; 
zener low voltage silicon junction 
diodes; zener “double anode” medium 
voltage diodes; glass fast-recovery sili- 
con junction diodes; silicon solar cells. 
Semiconductor Div., Hoffman  Elec- 
tronics Corp. > 630 


MICROWAVE FERRITE DEVICES — 
Short form catalog covers a line of 
microwave ferrite components. Tab- 
ulated are electrical characteristics, 
physical dimensions, and prices for 33 
models of high-power Uniline ferrite 
load isolators and 3 low-power models, 
11 models of Gyroline ferrite modula- 
tors, and five models of circulators and 
circulator switches. Cascade Research, 
Div. of Monogram Precision Indusiries, 


Inc. > 631 


HEADED AND THREADED FASTENERS 
—TIllustrated 164-page catalog No. 436 
on headed and threaded fasteners is 
packed with data on almost every 
type and size of fastener produced. List 
prices, dimensions, weights, and con- 
tainer quantities are also included. 
Bethlehem Steel Co. ~>632 


ALUMINUM ELECTRICAL CONDUC- 
TORS—“Aluminum Electrical Conduc- 
tors — General Engineering Data,” 
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IN GENERAL ELECTRIC'S 
NEW PANEL INSTRUMENTS 


DISTINCTIVE APPEARANCE 


Clean-line design sparkles with functional new 
beauty—adds a distinctive touch to your finest 
switchboards and panels. Big border-to-border 
scale is framed in aluminum for better color blend- 
ing. Design innovation creates the illusion of big- 
ness, yet they fit into the same useable space as 
old style instruments. 


EXCELLENT READABILITY 


BIG LOOK styling provides up to 28% increase 
in scale length over types replaced. Easy-to-read 
numerals cannot be obscured by the slim, tapered 
pointer. Clear raised window allows natural light 
to flood scale area, keeping shadows out. 


RELIABLE OPERATION 


Self-shielding: Exclusive moving-magnet mechanism 
and the core-magnet mechanism can generally be 
mounted on magnetic or non-magnetic panels with- 
out special calibration. 


Completely Sealed: All cases are sealed with neo- 
prene gaskets to protect internal parts from dust, 
dirt, and water for extra-long, trouble-free opera- 
tion. D-c movements and a-c iron-vane movement 
are accurate to within + 2% of full scale value. 

For complete information contact your nearby 
G-E Apparatus Sales Office or Distributor; or write 
for bulletin GEA-6678A, Section 582-31, General 
Electric Company, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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ACTUAL SIZE 


Although they look bigger, these a-c and 
d-c units are actually 2'4- and 3'%-inch 
sizes. Mounting is interchangeable with 
JAN, MIL, and ASA (round) specifications. 
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YOU'RE 
PROTECTED...FROM UGLY 
CORROSION STAINS WITH 
ALCOA ALUMINUM 
FASTENERS 








Don’t let ugly corrosion stains spoil 
the appearance of your products. Make 
them of aluminum, fasten them with 
Alcoa® Aluminum Fasteners for lasting 
sales appeal. Low-cost, carefree alu- 
minum fasteners protect your aluminum 
products against both galvanic and 
atmospheric corrosion. And they are 
readily available in complete stocks. . . 
all standard sizes and types at your 
local Alcoa distributor; or call your 
nearest Alcoa sales office. Look in the 
Yellow Pages of your telephone direc- 
tory. ALCOA IS A “NATURAL” 
FOR SPECIALS, TOO! 
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ALUMINUM | Exciting Adventure 


Alternate 
Monday Evenings 
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Aluminum Company of America 

2241-H Alcoa Bidg., Pittsburgh 19, Pa. 
Gentlemen: Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 
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Compony 





Address. 


Li 





! 

! 

| 

| 

Title. | 
| 

| 

am 


246 Circle 253 on page 17 





gives conductor users a complete listing 
of approximately 4000 available sag 
and tension charts encompassing vir- 
tually every type of covered and bare 
aluminum conductor. Handy desk-top 
glossary of aluminum conductors part 
of index, listed alphabetically by code 
name. Aluminum Company of Amer- 
ica. > 633 


NYLON-ENCLOSED MERCURY SWITCH 
—Data sheet 144 describes nylon-en- 
closed mercury switch, fabricated of 
materials highly resistant to water, 
oil, alkalis and acids. Synthetic rubber 
embedment material protects unit from 
shock and seals lead entrance. Photo- 
graphs, a cutaway view, 
mation, mounting clip data, 
and electrical rating included. 
Switch. 


price infor- 
drawings 
Micro 
> 634 


SELF-LOCKING CLINCH NUTS—Fight-. 
een-page illustrated handbook, Design 
Manual 5803, reviews available stand- 
ard and miniature types of clinch 
nuts for the avionic, electronic and 
electrical equipment industries. In- 
cludes a visual-descriptive index of all 
clinch nut types; guide to selection of 
correct fastener type to job require- 
ment; installation tips. Thirteen pages 
devoted to detailed drawings covering 
each part and giving thread size, avail- 
ability, temperature range and part 
dimensions. Elastic Stop Nut Corp. of 
America. > 635 


D-C MINIATURE MOTORS—Ten-page 
catalog describes 4 basic models and 
sizes of miniature d-c permanent mag- 
net and wound field motors, 
ated and often interchangeable spur 
and planetary gear boxes, governors, 
and radio noise filters. Motors de- 
scribed operate on d-c voltages to 120, 
have outputs to 4 hp, and with stand- 
ard gearing produce up to 2500 oz-in. 
breakaway torque. Globe Industries, 


Inc. > 636 


associ- 


ENGINEERING AUDITS Four-page 
brochure discusses engineering audits 
as a technique for insuring against loss 
of market through product 
obsolescence. Engineering audits are 
aimed at a complete product line, or 
an individual product. Also contains 
a synopsis of integrated services avail- 
able for product-process development. 
Designers for Industry. > 637 


position 


HYDRAULIC PUMPS, MOTORS, CON- 
TROLS-—Bulletin No. 146-E 
line of hydraulic pumps, 
controls. Covers constant volume and 
variable volume hydraulic pumps, 
pumping units and hydraulic moters. 
Control line items reviewed include 
4-way valves and flow controls. Deni- 
son Engineering Div., American Brake 
Shoe Co. > 638 


describes 
motors and 


AN CONNECTOR WALL-CHART — 
Wall-chart for specifying AN connec- 
tors graphically provides simple meth- 
od for selecting proper AN connector 
for an application. Includes contact 
information, requirements, 
shell-types, shell-dimensions, pin posi- 
tions and clocking arrangements. The 


Deutsch Co. ->639 


service 


PILOT LIGHTS—Sixteen-page digest 
Form L-161 consists of technical in- 
formation on wide range of pilot light 
assemblies and the appropriate lamp 
types housed therein. All units illus- 
trated and described to include such 
data as lamp and required voltage, 
front or rear mounting 
mounting hardware, insulation, type of 
lens holders, lenses and colors, termi- 
nal types, finishes. Dialight Corp. 640 


provision, 


TEFLON-COATED WIRE—Four - page 
Fact Sheet No. 2 on line of Teflon- 
coated wire gives sizes available, en- 
gineering data, pointers on wire and 
cable design with Teflon and typical 
uses. Also includes table of Teflon- 
coated wires meeting MIL-C-17B speci- 
fications. Chemplast, Inc. > 641 


CEMENTABLE TEFLON TAPES AND 
SHEETS—Four-page bulletin gives es- 
sential technical data for glass-sup- 
ported, unsupported and _ metal-clad 
Teflon sheets and tapes. Physical and 
chemical properties, thickness, toler- 
ances, bonding techniques, and rec- 
ommended applications are also pro- 
vided. Continental-Diamond _ Fibre 
Corp. > 642 


ELECTRO - MECHANICAL 
NENTS — Electro-Mechanical catalog 
features drawings and _ performance 
curves of over 120 electric motors, 
linear actuators, rotary actuators, 
solenoids, units, screwjacks, 
gear boxes and electronic test equip- 
ment. Also features considerable design 
data of interest to design engineers in 
aircraft, missile, ordnance and industri- 
al fields. Hoover Electric Co. > 643 


COMPO- 


power 


SELF-EXTINGUISHING EPOXY LAMI- 
NATE—Four-page Folder L-CDL-454 
describes G-E Textolite 11574, a self- 
extinguishing, paper-base epoxy lami- 
nate with electrical, mechanical, and 
machining properties said to be su- 
perior to best NEMA XXXP _ paper- 
base laminates. Features information 
on applications and machinability, as 
well as technical data. General Elec- 


tric Co. >644 


WIRE-WOUND RESISTORS—Nearly a 
hundred types of precision  wire- 
wound resistors are described in illus- 
trated Catalog 14RC. Resistance values 
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Panelbuilder 


News for and about Panelbuilders 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; intercontinental Electronics Corporation, Inc. 





SYNCHRONOUS TIMERS PROVIDE GREATER 
ACCURACY, FLEXIBILITY, DEPENDABILITY 


Recently, Cutler-Hammer announced 
a new line of synchronous motor driven 
control timers. Available in one, three, 
and five minute models, the new timers 
are ideally suited for all industrial con- 
trol systems requiring a precise, easily 
adjustable, dependable timing relay. 


Timer Dial Reads Directly in Seconds 


One of the many plus features of these 
Cutler-Hammer Synchronous Control 
Timers is the timer dial which is cal- 
ibrated directly in seconds. No longer 
is it necessary to guess at setting the 
timing interval. Just rotate the bronze 
pointer to the dial position correspond- 
ing to the exact interval desired . . . no 
approximations or tedious readjust- 
ments necessary. And of course, the 
direct reading timer dial serves as a 
lasting reminder as to the time setting 
without having to check its timing 
interval with a stop watch. 

The sweep second pointer provides 
a visual count down when in operation 

. . a valuable feature when setting up 
closely sequenced machine operations. 


Automatic Operation— 
Greater Repeat Accuracy 


The operation of these new timers is 
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completely automatic. After each tim- 
ing cycle the sweep second pointer 
returns to the start position. Also, the 
pointer will return to the start position 
if a power interruption occurs while the 
timer is in operation, thus eliminating 
the possibility of an undertimed cycle. 

The Cutler-Hammer Synchronous 
Timer is ruggedly built, requiring vir- 
tually no maintenance. The timers are 
not adversely affected by dust or cli- 
matic changes and maintain the highest 


degree of repeat accuracy. 

The one minute timer is adjustable 
in one second increments from 0 to 60 
seconds, the three minute timer in 3 
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PRESTEST® INDICATING LIGHTS 
CHECK OWN BULB CONDITION 


Indicating lights are vital to the safety 
and proper use of many machines, par- 
ticularly in automation. But such lights 
always pose a troublesome question. 
When an indicating light is ‘‘off’’, is it 
indicating the true circuit condition or 
is the bulb burned out? There is no 
guesswork with the Cutler-Hammer 
PresTest Indicating Light. Merely 
pressing on the PresTest lens discon- 
nects the lamp from its operating circuit 
and checks it instantly on a continu- 
ously energized test circuit. So simple 
and easy, it ends the hazards of infre- 
quent testing. Cutler-Hammer PresTest 
Oil Tight Indicating Lights are amaz- 
ingly compact. Theresistor typerequires 
only 1%" back-of-the-panel space, and 
the transformer type requires only 
1°3/,.". The wide angle visibility lenses 
come in six different colors. For full 
information on PresTest and other 
matching heavy duty oil tight push- 
button units, write today on your com- 
pany letterhead for the Master Design, 
Publication EL-178-R231. 





second increments—0 to 180 seconds, 
and the five minute timer in 5 second 
intervals—0 to 300 seconds. All three 
models are dimensionally identical and 
easily interchangeable without disturb- 
ing the mounting base or wiring. The 
timing unit is removed from the mount- 
ing base during installation for maxi- 
mum wiring freedom. 

For further information, see your 
nearby Authorized Cutler-Hammer 
Distributor or write for Publication 
EN-33-R231. 

CUTLER-HAMMER Inc., 


waukee 1, Wisconsin. 


Mil- 





Hi-Lo Load-0-Matic Control 
Eliminates Pulley Slow Down 


Hi-Lo Variable Speed Pulleys 
positively maintain the desired 
speed ratio over a wide range of 
load variation by means of an 
exclusive cam and cam follower 
assembly. This means: 


Pulley speed is independent of 
load and load changes. ‘‘Drag”’ is 
eliminated and high shock absorb- 
ency provided. 


Pulleys do not compress belt 
due to spring pressure. Springs 
are not driving members. They 
act only to keep pulley faces in 
contact with belt. 

Pulleys automatically regulate 
belt tension. Because of the cam 
assembly, belt is never under more 
tension than required by the load. 

Double cams maintain constant 
belt alignment. 


HI-LO PULLEYS COMPARED 
TO OTHER VARIABLE SPEED PULLEYS 
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LOAD AT TORQUE ARM, POUNDS 


PLUS THESE OTHER FEATURES: 
Smaller in size than comparable units. 
Quickly and easily installed. 
Replaceable face assemblies drastically 
cut repair and replacement costs. 
Available in sizes from .5 to 5 hp., ratios 
to 2.5/1 (single pulley) 6.25/1 (double 
pulley). 

Request details and prices. Ask for 

Bulletin A-458. 


Nationally Distributed By 
LOVEJOY FLEXIBLE 
COUPLING COMPANY 
4952H W. Lake St. 
Chicago 44, Ill. 
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from 0.1 ohm to 20 megonms are avail- 
able in accuracies from 0.025 to 1 per 
cent. Matched ratio sets and special 
temperature resistors are 
Engineering. 

> 645 


coefficient 
Cinema 
Div. of Aerovox Corp. 


also covered. 


ENVIRONMENTAL RESISTANT CON- 
NECTOR—Lighter and shorter version 
of MS-E line of plugs is described in 
16-page MS-E-3. Covers all 
type “E” plugs conforming to provi- 
sions of MIL-C-5015. Includes dimen- 
sional drawings and data, applications 
and ordering information. 
Electric Co. 


catalog 


Cannon 


> 646 


BOBBINLESS FIXED RESISTORS—Two- 
page Data Sheet 171 gives detailed 
comparative data report showing that 
CTS bobbinless precision wire fixed 
resistors exceed proposed MIL-R-93B. 
Describes and illustrates 20 rectangular 
and tubular resistors, including cut- 
away section showing floating element 
construction, and lists 
sistances, 


shapes, _re- 
dimensions and 
Chicago Telephone 
> 647 


wattages, 
available. 
Supply Corp. 


types 


COMPUTER DESIGN TECHNIQUES 

New design techniques to accomplish 
savings throughout engineering de- 
velopment programs for electronic 
digital computers are described in il- 
lustrated booklet entitled “A Syste- 
matic Approach to Electronic Digital 
Equipment Design.” Describes com- 
pany’s use of a family of general-pur- 
pose digital building blocks. Also ex- 
plains application of advanced com- 
puter-aided methods. Control 
Data Corp. > 648 


design 


SELECTIVE SPEED DRIVES—Fight-page 
Bulletin 11-1, Pl on selective speed 
drives describes motor speed contro! 
from alternating current. Discusses 
what a selective speed drive (adjust- 
able voltage systems) is; explains ad- 
vantages of these drives; what they 
do; and how useful they are in in- 
dustry. Century Electric Co. >649 


ENVIRONMENTAL TEST INSTRUMEN- 
TATION—Bulletin W1831 is a guide 
for equipment builders and engineers, 
and outlines indicating, recording, pro- 
gramming, and controlling instruments 
for environmental test equipment. Also 
gives specifications for most widely- 
used temperature-measuring systems, 
absolute pressure gauges, pneumatic, 
electric, electronic and program con- 
trollers. The Bristol Co. ->650 


POTENTIOMETER TRANSDUCER DEFI- 
NITION OF TERMS—Bulletin called 
“Definition of Terms” discusses en- 
vironmental, calibration, test, linearity, 
over-range and _ electrical-mechanical 
terminology, and includes formulas. It 


is based on the National Aircraft 
Standards Committee Specification NAS 
710. Bourns Laboratories, Inc. > 651 


FAST PHOTOCOPY MACHINE—Picture 
story detailing typical office uses for 
Uni-Matic “Auto-Stat” photocopy ma- 
chine is featured in brochure. Describes 
machine’s ability to copy any written, 
printed, typed, drawn or photographed 
document in a single. fast step, known 
as the Uni-Matic’s “Synchro-Copying” 
feature. Equip- 
ment Co. ->652 


American Photocopy 


PROTECTIVE COATING FOR METALS 

Technical data file explains and de- 
scribes all products, gives applicable 
metals, appearance of film, purpose of 
products, applications, U.S. 
specifications, method of 
application and test results. Allied Re- 
search Products, Inc. > 653 


typical 
Government 


AUTOMATIC TRANSFER SWITCHES 

How to select an automatic transfer 
switch, and applications of this equip- 
ment are covered in booklet entitled 
“Factors to Consider in the Selection 
and Application of Automatic Transfer 
Switches.” Publication 596R1 discusses 
inrush capacity, continuous duty rat- 
ing, rapid transferral of load, high 
thermal capacity and ability to with- 
stand electromagnetic effects, and vari- 
ous structural and operational features. 
Automatic Switch Co. > 654 


MAGNETIC TAPE RECORDERS—The 
Magneloop series of continuous loop 
magnetic tape recorders-reproducers in- 
corporating an unusual tape drive is 
described in 4-page folder. Describes 
features of 21 basic models, available 
in single or dual speeds, as well as 
in single, dual and triple channels. 
Variety of playback variations are sug- 
Amplifier Corporation — of 


> 655 


gested. 
America. 


TUBE-TYPE MOTORS—Redesigned line 
of TEFC tube-type motors with cap- 
sule-mounted split-sleeve bearings are 
Bulletin 51B8991. Por- 
trays motor’s tube-type air-to-air heat 


described in 


exchanger system, bearing construc- 
tion, frame, stator, and rotor construc- 
tion. Allis-Chalmers Manufacturing 


Co. > 656 


ELASTOMERIC MOUNTINGS FOR AVI- 
ONIC EQUIPMENT—Fight-page prod- 
uct bulletin No. 301 describes a series 
of mountings using broad temperature 
range elastomer. These mountings are 
designed to protect airborne electronic 
equipment in range from —65 to +-300 
F. Includes information on design, ad- 
vantages and performance of Size 0, 
Size 1 and Size 2 BTR mountings, with 
load ratings from 3 to 80 lb per mount- 
ing. Guide included for selection of 
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@formable sheet 


(calendered and extruded) © _2.¢ 


Y COLAC. 


HIGH IMPACT THERMOPLASTIC RESIN 


SOME OF THE 1001 END PRODUCTS 

MADE WITH CYCOLAC 
e Kitchen Accessories Cycolac now offers you five types of resins... 
@ Molded Pipe and Industrial Fittings each designed to serve specific requirements for better 
e Signs—Display Cases 
e Desk Tops e Luggage : : : 
¢ Appliance and Tool Handles you to try Cycolac—it may be your simple solution to 
e Carpet Sweeper Housing and Wheels many product cost and quality problems. 


molding, extruding or calendering applications. It will pay 


Write for latest technical data today! 





PACESETTER IN 
Division of BORG WARNER ¢ Gary, Indiana 


Ma r 1 oye) also represented by: 


CHEMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Lid., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., N: York 
SYNTHETIC RESINS ritish Anchor Chemic rp., New Yor 
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NEW! MEETS MIL SPECS! 
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JOHNSON 


METAL-CLAD NYLON 


TIP JACKS 


@ Shock-proof nylon and metal construction 
@ Resistant to extremes of heat, cold, moisture 
@ Available in 13 bright, permanent colors 


New... from E. F. 
Johnson .. . these 
metal-clad nylon tip 
jacks will not chip 
or crack with even 
the hardest usage. 
Available in three 
basic grades: Stand- 
ard, Industrial, and 
Military... all com- 
pletely insulated with a rugged nylon 
body . . . protected by a nickel-plated, 
machined brass jacket. Quickly fastens to 
any mounting surface... capacity to 4%" 
panel: 3.8 mmf. Continuous current rat- 
ing: 10 amps. Internal silver-plated con- 
tact is recessed in head for safety .. . 
accommodates tip plugs of a nominal 
.081” diameter. Single 14°-32 nut fur- 
nished. Mounts in 17/64” dia. hole. Vari- 
ations in the three grades listed below. 
STANDARD — 105-201-1 Series — Low cost, metal- 


clad nylon tip jack with formed silver-plated phosphor 
bronze contact. Voltage breakdown: 7,000 Volts DC. 
INDUSTRIAL — 105-201-100 Series— Furnished with 
nickel-piated phosphor bronze lock washer. Machined 
beryllium copper contact, silver-plated—hot tin-dipped 
terminal end. Voltage breakdown: 8,000 Volts DC. 


MILITARY— 105-201-200 Series—Fully complies with 
MS-16108 of MIL-STD-242A. Heavy nickel-plated brass 
jacket meets Federal specifications QQ-N-290. High 
insulation resistance of nylon body complies with MiL- 
P-17091. Machined beryllium copper contact, silver- 
plated—hot tin-dipped terminal end. Supplied with 
tin-plated phosphor bronze lock washer. Voltage break- 
down: 8,000 Volts DC. 


NYLON TIP JACK AND SLEEVE 

NYLON TIP JACK (Low Cost) 

NYLON TIP JACK (Standard) 

NYLON BANANA PLUG 

NYLON BANANA JACK 

NYLON BINDING POST 

NYLON TIP PLUG 
Johnson manufactures a complete 
line of connectors. For complete in- 


formation write for your copy of 
our newest component catalog. 


E. FEF. Joh Cc 2p 





my 





2612 Second Ave. S. W. * Waseca, Minnesota 
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mountings for particular application. 


Lord Manufacturing Co. > 657 


ENCLOSED PANCAKE MOTORS—F our- 
page Bulletin No. 2100 describes en- 
closed pancake motors said to reduce 
motor length up to 60 per cent over 
standard motors. Presents full 
gineering information on these flange- 
type motors of radial air-gap design in- 
tended for use on machine tools and 
other space-cramped applications. The 
Louis Allis Co. > 658 


en- 


INTEGRATING MAGNETIC AMPLIFIER 
-Two-page bulletin describes model 
430 integrating magnetic amplifier, 
used in missile guidance systems, in- 
dustrial controls and other precision 
control equipments. Contains perform- 
ance-application data, complete elec- 
trical, mechanical, and environmental 
specifications. Acromag, Inc. > 659 


MINIATURE CLUTCH AND BRAKE 

Four-page leaflet describes performance 
specifications and dimensional charac- 
teristics of industrial miniature line of 
clutches and brakes. These units feature 
high torque rating, rapid response, zero 
backlash and light weight. Autotronics, 
Inc. > 660 


ULTRASONIC CLEANING—‘Ultrasonic 
Cleaning,” 24-page Bulletin S-200, ex- 
plains practical applications and basic 
principles of this cleaning method, as 
well as design of equipment. Many 
areas in which ultrasonic cleaning are 
advantageous are covered in detail. 
Branson Ultrasonic Corp. > 661 


FACILITIES BOOKLET — Twenty-four 
page facilities booklet describes diversi- 
fied products of company, manufac- 
turers of flowmeters, process instrumen- 
tation, data reduction and automation 
equipment, and glass products. Out- 
lines growth of 20-year old company 
from 2 employees and sales of $2000 in 
1937 to 1360 employees and sales total- 
ling $15,700,000 in 1957. Fischer & 
Porter Co. ~>662 


DIAZOTYPE REPRODUCTION PROCESS 
—Twelve-page illustrated booklet de- 
scribes the Copyflex diazotype repro- 
duction process. Explains various types 
of direct-positive prints possible with 
Copyflex—including black-line or color- 
line prints on white or tinted stock; 
multi-color films for projection and 
overlays; and translucent duplicate 
originals. Nine models of Copyflex ma- 
chines described. Charles Bruning Com- 
~>663 


pany, Inc. 


INTEGRAL HP MOTORS—Complete se- 
lection data on single and polyphase 
integral horsepower induction motors 
up to 20 hp are included in Bulletin 


104. In addition to descriptions of motor 
construction, lists dimensional data for 
single-phase repulsion start motors up 
to 5 hp, and capacitor start motors up 
to 744 hp, as well as polyphase motors 
up to 20 hp. Leland Electric Co., Div. 
of American Machine & Foundry Com- 
pany. > 664 


ALUMINUM FLATTENED WIRE—Six- 
page technical reference folder gives 
specifications, engineering data and 
availabilities of flattened 
wire. Also discusses advantages, econ- 
omies and performance characteristics, 
and provides charts on mechanical and 
physical properties. Kaiser Aluminum 
& Chemical Sales, Inc. > 665 


aluminum 


MINIATURE CONNECTORS — Revised 
10-page catalog on Series 20 miniature 
connectors gives specifications, outline 
drawings, illustrations, and general in- 
formation. A valuable source of mini- 
ature connector data for engineering 
and technical personnel who buy or 
specify connectors. Electronic Sales 
Div., DeJur-Amsco Corp. > 666 


TUBE COOLING DEVICES—Several new 
designs of heat reducing Kool Klamps 
are shown in 16-page Catalog 5-KK. 
Types are listed for all subminiature 
and miniature tubes and many com- 
ponents, in both beryllium copper and 
9914 per cent pure heat-treated silver. 
Test reports on methods of attaching 
heat-reducing Kool Klamps to heat sink 
and/or chassis are included. The Birt- 
cher Corp. > 667 


KLYSTRON PRODUCTS — The 1958 
Quick Reference Catalog offers a com- 
plete listing of products, prices and 
basic technical data in tab-indexed 
form. Includes listings on power ampli- 
fier klystrons, reflex klystrons, tetrodes, 
triodes, rectifiers, pulse modulators, 
sockets and other accessory items. Eitel- 


McCullough, Inc. > 668 


ENGINEERING DATA CONTROL SYS- 
TEM—Step-by-step of a 
system for engineering drawings is pre- 
sented in illustrated 16-page brochure, 
“The Filmsort Aperture Card for 
Your Engineering Drawings and Allied 
Records.” Traces procedures in trans- 
forming original drawing to frame of 
microfilm; inserting film into aperture 
card; viewing and enlarging film from 
card; and use of new technique such as 
electrostatic printing and dry-copy con- 
tact printing of film in one card onto 
film in another. Filmsort Co. > 669 


explanation 


THERMISTORS—Fifteen different ther- 
mistor circuits are described in 16-page 
Catalog EMC-2. Also gives specifica- 
tions for nearly 400 different thermi- 
stors—including assemblies, matched 
pairs, beads, discs, washers, rods, and 
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The Reference Encyclopedia 
of Electrical Sheets 


The Electrical Steel Sheets Engi- 
neering Manual, published by United 
States Steel Corporation, has always 


from United States Steel eee ee et 


electrical designer’s reference shelf. 


The latest issue—the Fourth Edi- 
tion—contains the most recent mag- 
netization, core loss and other mag- 
netic curves for both grain-oriented 
as well as random-oriented silicon 
steels. Also included in this publica- 
tion are a great variety of engineer- 
ing data along with characteristics of 
many non-silicon steels. 

If you do not have this reference 
book on hand, send for a copy. 
Write, on your company letterhead, 
to United States Steel, Room 2801, 
Pittsburgh 30, Pa. Ask for the Elec- 
trical Steel Sheets Engineering Man- 
ual, Fourth Edition. 
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USS is a registered trademark 


United States Stee! Corporation - Pittsburgh 


Columbia-Geneva Steel - San Francisco i 
Tennessee Coal & Iron - Fairfield, Alabama ni a a eS po 


United States Steel Export Company 
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GUDEBROD 
lacing tape 
holds knots! 


Here is the lacing tape that 
solves the knotty problems in 
complicated harness work. 
Gudebrod Flat Braided Lacing 
Tape is the ultimate in knot 
strength and freedom from slip. 
The special Gudebrod method 
of applying finishes makes the 
tape stick like a fly's foot... 
knots just won't slip. Harnesses 
are firm and stable when tied 
with Gudebrod Lacing Tape. 


For harness or winding applica- 
tions—wherever unfailing per- 
formance under severe envir- 
onment is vital—there is no sub- 
stitute for proved Gudebrod 
quality. Write us your problems 
...ask for samples of Gude- 
brod Lacing Tape today. 


e718] b} =] 5 fe] B) 
BROS. SILK CO. 


ELECTROP we); 


VISIT THE GUDEBROD BOOTH 334 
AT THE WESCON SHOW 
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probes. A section entitled “What Do 
Thermistors Do?” describes various 
types of thermistor data and how they 
can be used for circuit design. Fenwal 
Electronics, Inc. ->670 


TWO-DIMENSION TRACER CONTROL 

Eight-page Bulletin GET-2736A_ pro- 
vides functional description of two-di- 
mension tracer control, featuring tech- 
nical notes on operation, design and 
experience of tracing performance. Pho- 
tos. line drawings. circuit diagrams and 
performance tables are included. Gen- 
eral Electric Co. >671 


FRACTIONAL HP A-C MOTORS - 

Smooth power fractional hp motor cata- 
log contains illustrations, descriptions 
and specifications of 8 basic motors, 
with total of 36 model variations, rang- 
ing from “soo to 45 hp. Shown is new 
Model “H” motor, designed for appli- 
cations requiring long service life. The 
General Industries Co. > 672 


HEAT-RESISTANT MOLDING POWDERS 
—Illustrated brochure CDC-355 de- 
scribes line of heat-resistant, phenolic 
molding powders. General characteris- 
tics, properties, and applications of 
G-E 12980, 12981 and 12982, for cook- 
ing and heating appliance parts, range 
parts, connectors, and switchgear, are 
described. General Electric Co., Chem- 
ical Materials Dept. > 673 


STAINLESS STEEL WIRE—Twenty-page 
manual contains information on stain- 
less steel wire, a new product line for 
this Division. Information on use of 
stainless steel wire, mechanical prop- 
erties, and corrosion data are included. 
Also contains tables listing round wire 
weights, conversion of fractions to deci- 
mals and millimeters, and analyses of 
various types of stainless steels. Stain- 
less Steel Div., Jones & Laughlin Steel 
Corp. >674 


PROPERTIES OF COBALT-BASE ALLOYS 

Two 16-page booklets describe the 
properties of alloy No. 21 and alloy No. 
31. These cast cobalt-base high-tem- 
perature alloys have been used mainly 
in the form of investment castings. 
Listed are chemical composition, phys- 
ical and mechanical properties of each 
alloy. Included in tables and charts of 
mechanical properties are impact 
strength, short-time tensile data, and 
stress-rupture, creep, and fatigue data. 
Haynes Stellite Co., Div. of Union Car- 
bide Corp. > 675 


115-VOLT SIZE 8 SERVOMOTOR—The 
115-volt, 400-cycle Model 8 SM 460 is 
fully described in Data Sheet 1370. Al- 
though weighing but 1.6 oz and only 
1.165 in. long, Model 8 SM 460 can 
withstand 100 g’s shock and 30 g’s vi- 
bration to 2000 cycles, exceeding speci- 


fications of MIL-E-5272A.  Helipot 
Corp., Div. of Beckman Instruments, 
Inc. > 676 


CARTRIDGE HEATING UNITS—Twelve- 
page catalog describes line of precision 
cartridge heating units and ceramic 
heating units. Includes applications, 
special features, specifications, charac- 
teristic curves, and general ordering in- 
formation. Hotwatt, Inc. >677 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


FILTERS FOR AIRCRAFT, MISSILES— 
A 132-page filter engineering and ap- 
plication reference manual is one of 
the most complete ever compiled deal- 
ing with filters for aircraft, missiles, 
industrial and ground support equip- 
ment. 

Filters for lubricating oils, gasoline, 
jet fuels, hydraulic fluids, compressed 
air, gases, de-icing fluids, air condi- 
tioning systems, test stands and re- 
fueling installations are described and 
illustrated in considerable detail in 
the 112-page product section of the 
manual. 

A 14-page section in the front of the 
manual gives a brief history of the 
art of filtration; subject, quick-refer- 
ence and numerical parts indexes; a 
discussion of particle sizes; and basic 
filter media. 

The manual is available by writing 
on company letterhead to Bendix Filter 
Div., Bendix Aviation Corp., 434 W. 12 
Mile Rd., Madison Heights, Mich. 


ZINC—A MINE TO MARKET OUTLINE 
—The American Zinc Institute has 
published its revised basic text on zinc 
entitled: “Zinc—A Mine to Market 
Outline.” The 96-page book describes 
in concise form a wide variety of fun- 
damental data on zinc’s history, sources, 
production, significant properties and 
important applications. 

Fully illustrated with photographs, 
charts, graphs and drawings, the book 
describes comprehensively the full 
scope of the zinc industry, including 
many new and unfamiliar aspects of 
the metal. The book has been updated 
to include latest research and produc: 
tion findings of value to manage- 
ment, production and design engineers. 

Copies may be obtained free by 
writing American Zinc Institute, Inc., 
60 E. 42nd St., New York 17, N. Y. 
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Available in molded _— hermetically sealed glass and other 
enclosures, Microstak Selenium Diodes give you the top performance 
you want in low current power supplies, arc suppressors, voltage 
regulators, balanced modulators, meter overload protection, logarithmic 
converters, magnetic amplifiers and many other applications. 

Microstak Selenium Diodes provide: 

HIGHER voltage—up to 8000 peak inverse volts—available with cell stacking, 

while silicon and germanium are limited to around 600 volts for single diode 

HIGHER inverse resistance than germanium 

HIGHER ambient temperature operation than germanium—up to 125°C 

HIGHER reliability—no catastrophic failures as in other semi-conductors 

HIGHER solderability with IRC exclusive alloy plating 

But, their cost is LOW—these units are economical to buy and to use. 


Yes, by replacing diode vacuum tubes with Microstak Selenium Diodes 
you can get all these features and more besides. You can now save 
space, as well as money, in many low current applications calling for 
high back resistance and low forward resistance— Microstak components 
eliminate all the bulk, sockets and assembly connected with tubes. 


Microstak Selenium Diodes come in single or multiple cell types 
... are supplied to much closer limits than ordinary diodes .. show 
improved stability over a wide temperature range. 


For more information send for Bulletin SR-1A. 
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SEE US AT WESCON 
Booth Nos. 1147-1148 


INTERNATIONAL RESISTANCE CO. 


Department 293, 401 North Broad Street 
Philadelphia 8, Pennsylvania, U.S.A. 


in Canada: International Resistance Co., Ltd., Toronto, Licensee 





“Special” is our middle name! 
We make millions of odd-size 
brass and aluminum nuts for all 
types of equipment. Unique high- 
speed machinery turns all Fischer 
nuts to exacting specifications. 
Extreme uniformity, competitive 
prices and prompt delivery assure 
you of substantial savings in cost 
and time. 

Next time you need “‘special’’ 
brass or aluminum nuts, contact 
Fischer for fast action - - - pre- 
mium quality. 


+ 


there’s no premium A 
mg precision 


SPECIAL MFG. CO. 


| FISCHER SPECIAL MFG. CO. 

421 Morgon St., Cincinnati 6, Ohio 
Please send your new 20-page 
CATALOG FS-1000 containing com- 
plete specifications on brass and 

aluminum nuts. 


Name 
C y 
Street__ 
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As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired. 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

No. of Number of pages 

Reprints 4-12 16-32 

1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 





REPRINTS NOW AVAILABLE 


Ferrites for High-Power R-F Tuning, 
August 1958, 12 pages. The re- 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and QO, 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


Dynamic “In-System” Specifications 
for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


British Magnetic Amplifier Develop- 
ments, July 1958, 7 pages. An anal- 
ysis of basic magnetic-amplifier cir- 
cuits and their practical applications. 
Includes performance data as well 


as physical characteristics on such 
circuits as the Ramey half-wave 
amplifier, a full-wave d-c power 
supply, and a bridge full-wave auto- 
self-excited amplifier. (732) 


The Molecular Key to Dielectric Prop- 
erties—a Capsule Physical Chem- 
istry for the Design Engineer, July 
1958, 20 pages. The basic physico- 
chemical principles of gaseous, liq- 
uid, and solid dielectrics explained 
and interpreted in terms of (1) 
their effect on properties of mate- 
rials, and (2) ultimate performance 
in operating equipment. (734) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
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ff 100,000+4+ different types and sizes 


(in round, square and rectangular fabric and film coated magnet wires) 


Add them up! EXTRA care in drawing and annealing—EXTRA care in insulating 
techniques! EXTRA rigorous “in-process” testing of wire from every machine 


each day plus 100% final inspection! EXTRA quick identification of size and type 


on easy-to-read, color coded labels ...and EXTRA attention to packaging 4 


(spool, reel, and Magna-Pak®) at each of the four plants. 4 


MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, indiana 
Manufacturing Plants: Birmingham, Alab ; Anaheim, California; Fort Wayne, Indiana; Hillsdale, Michigan 





| 


NATIONAL NETWORK OF WAREHOUSES AND SALES OFFICES... CALL YOUR LOCAL “ESSEX MAN" | 
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LOCKED ROTOR TESTS 
PROVE WHY MOTORS 
NEED MIGHTY-MITE 
MOTOR PROTECTORS 


NEW MODEL 80 
With Clip-on 
Terminals 
1% x Me 
overall 


Almost every experienced, trouble shooting serviceman of 
electrical appliances, office machines or small motor powered 
equipment can tell you of trouble calls that were a result of 
an over-voltage source of supply. To show you at a glance 
what happens when motors are connected to a circuit having 
a voltage in excess of their nominal rating, a locked rotor 
lab test was conducted, using a 1/6 hp shaded pole motor, 
with a thermo-couple inserted in stator windings. At 115 
volts it took 814 minutes to reach 350°F. but at 140 volts, 
motor reached 350°F in only 3% minutes. 


110V | 115V | 120V | 125V | 130V | 135V | 140V 


me 


MINUTES 
=) ommia wi +S w NS 


10 


To protect motors against overheating caused by over-voltage 
or overloading, a Mighty Mite motor protector, inserted in 
the stator winding provides complete safety. 

Our complete engineering department can assist you in mak- 
ing proper selection of operating temperature range and 
methods of installation. 


CLAS? 


Spo 5) MECHANICAL INDUSTRIES 


MOTOR == PROTECTORS PRODUCTION COMPANY 


Fd 
he 211 ASH ST. © AKRON, OHIO 
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papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Effects of Radiation Environment on 
Structural Metals, June 1958, 9 
pages. The mechanism and types of 
radiation damage are presented, to- 
gether with definitive charts, graphs 
and a glossary. Discussion includes 
metals able to withstand harmful 
effects of radiation without com- 
promising their original properties 
and characteristics as specified in 
equipment design. Radiation effects 
studied include changes in electrical 
resistivity, flux, mechanical and 
general physical properties. (720) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May, 
1957. (726) 


Basic Statistics for the Design En- 
gineer, May 1958, 20 pages. An in- 
troduction to the basic mathematics 
required for logical design of ex- 
periments and analysis of data, 
quality control, operations research, 
and life testing programs. Examples 
are discussed, illustrating some 
practical applications in equipment 
design. (736) 


Crossbar Switch Applications, April 
1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con- 
trol; digital-to-analog conversion; 
analog-to-digital conversion; mul- 
tiple indexing and switching func- 
tions. (730) 


Selenium Rectifier Selection and Cir- 
cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


Ferroelectrics as Solid-State Devices, 
March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
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NEW FLAT MOTOR 


AUGUST 1958 


Globe Industries announces a new precision 
miniature d.c. motor, the smallest we have 
made. Like all Globe motors, it can be modi- 
fied easily and quickly to meet your electrical 
and mechanical requirements. It is called the 
VS, and takes its place with the SS, MM and 
LL in Globe’s family of superb quality motors. 

The VS weighs 1% ozs., is %, in. thick. A 
breakthrough in miniaturization, it can deliver 
.2 oz. in. of torque at 10,000 rpm and is the 
first precision motor of its size available. Mul- 
tiple units can be gang-mounted in modules. 

The fastest way to get full technical data 
on the VS motor is to phone or write direct: 
Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio, Telephone BAldwin 2-3741. 


/ SMALLEST YET 
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Varian 


STRIP 
CHART 


Recorders 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders ... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $340 for the G-10 
and $450 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


WRITE TODAY FOR COMPLETE 
SPECIFICATIONS AND STANDARD OPTIONS 
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applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 


devices. (714) 


International Standards for Motor 


Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed I.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 


are described. (708) 


Designing Minimum Weight Mag- 


netic Cores, February 1958, 8 
pages. A_ straightforward proce- 
dure for minimizing the combined 
weight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim- 
ization of power supply and other 
related components. Three exam- 
ples given. (706) 


Evaluation and Applications for Fiber- 


Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


The Anatomy of Automation, January 


and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap- 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus- 
sions of 117 key automation terms 
are organized into 18 sub-classifica- 


tions. (727) 


Foamed Plastics for Structural Func- 


tions in Electronic Equipment, Jan- 
uary 1958, 8 pages. This article 
describes use of sandwich-type ele- 
ments made from foamed plastics 
in mechanical parts such as mount- 
ing plates (in equipment such as 
airborne electronic systems) where 
severe vibration and other severe 
environmental conditions apply. 
Use of foam embedments as an as- 
sociated technique is also described. 

(709) 


Design Advances from Magnetism Re- 


search, January 1958, 16 pages. 
Commercial significance and design 


promise of new developments in: 
soft magnetic alloys, particularly 
cube-oriented silicon-iron for power 
equipment; permanent magnets, in- 
cluding design techniques for cur- 
rent and soon-coming new materi- 
als; thin magnetic films and other 
promising candidates for computer 
memory devices; ferrites, garnets 
and the revolution in microwave 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con- 
ference on Magnetism. (704) 


Design and Application of Hysteresis 


Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 
tions. (733) 


New Procedures for Designing Linear 


and Swinging Chokes, December 
1957, 8 pages. A simple, widely 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 
given. (702) 


Research Progress in Dielectrics— 


1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
Electrical Insulation (National Aca- 
demy of Sciences—National Re- 
search Council). Subjects discussed 
include: materials for severe tem- 
perature and other environmental 
conditions in supersonic missile and 
aircraft applications; radiation re- 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 
cable. Table and graphs. (712) 


Analysis and Elimination of Corona 


Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 


scribed. (701) 


Housing Design for Centrifugal Blow- 


ers, November 1957, 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 
squirrel-cage type are considered: 
scroll shape, housing width (with 
respect to blower width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 
design parameters. (705) 
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When you buy aluminum for your product... 


AIR CONDITIONING 


CABLE WRAP 


Remember. ‘aR CAPACITORS 
Every mndustry has one member who 


specializes in customer satisfaction 


All Anaconda Aluminum Coiled Sheet is custom-rolled to your exacting 
specifications. In order after order, uniformity of temper is main- 
tained by our precise production control. Modern rolling mills with 
X-ray gauge controls provide you uniform thicknesses and con- 
sistent yield per pound. Workability, even on deep draws, is as- 
sured by control of grain size. On narrowest widths, high-speed 
slitters cut exact widths with precision edges. Our line includes 
gauges from .006’ to .064”; widths from %” to 54’; alloys: 1100, 
1145, 3003, 3004, 5005, 5050, 5052, 5357. And watch for an expand- 
ing line of aluminum wrought mill products. 

An da Alumi Foil is also custom-rolled to the same high 
standards of quality. It is available for a wide range of manufactur- 
ing applications in gauges from .00023” to .0059”, in widths to 54’. 

To take advantage of our modern plant flexibility and custom 
production policy, call our nearest District Sales Office or contact 
us direct. Write for the new booklet, ‘Anaconda Aluminum Coiled 
Sheet”, Dept. E-8, 1430S. 13th St., Louisville 10, Kentucky. 





”~NACONDA 
ALUMINUM 


Made by Cochran Foil Corporation 
LOVISVILLE, KENTUCKY 


A SUBSIDIARY OF THE ANACONDA COMPANY 
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Evaluation of Enameled Magnet Wire 


put Be/4,,.242 in your designs 
and Applications, October 1957, 


YSD DOUBLE BLOWER 20 pages. A detailed review of the 


major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, Nylon, Nylon-Formvar, 
polyester, epoxies, Teflon, Teflon- 
acrylic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan- 
tages of specific types, trade names, 


$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. (724) 


Multiple Reprints 





Minimizing Partially Developed Relay Multiple Reprints (reprints or com- 


and applicable standards. (729) 


YSS SINGLE BLOWER 


MINIMIZE 


AIR NOISE 


ASSURE 


LONG BEARING LIFE 


Large (3% in.) balanced air 
rotors, powered by a slow-speed 
4 pole shaded pole induction motor, 
assure quiet operation and long 
bearing life. Blowers are enclosed 
in durable metal housing. YSS 
Single Blower delivers 50 cfm at 
1650 rpm; YSD Double Blower de- 
livers 100 cfm. Standard units op- 
erate on 115V, AC, 60 cycle. Other 
voltages and frequencies are avail- 
able. 

Applications include photo- 
graphic dark rooms; laboratories; 
cooling of electronic tubes; kitch- 
ens; refrigeration and air condi- 
tioning units; vending machines; 
and similar uses. 

Send coupon for technical data 
on the complete line of Heinze Sub- 
Fractional Horsepower Motors and 
Blowers. 


ELECTRIC COMPANY | 


685 Lowrence St., Lowell, Mass. 


Sub-Fractional Horsepower Motors and Blowers | 


Heinze Electric Company, Dep't B. 
685 Lawrence St., Lowell, Mass. 
Please send me technical literature and 


price information on Heinze Motors and 
Blowers. 


Name & Title 





Company 





Street & No 





City & State 
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Tree Circuits, August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


Design Procedures for Special Type 


High-Temperature Transformers, 
July and August, 1957, 20 pages. 
A two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization, and vibrator 
supply transformers. (735) 


Integration of Dielectric Materials, 


Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
insulation. Statistical studies on in- 
sulation life. Tables and graphs are 
included. (721) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5— 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Slide Rule Mathematics, 20 pages, 


plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 
e The Basic Slide Rule 
e Variations on Basic C-D Opera- 

tion 

Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Hyperbolic Functions 

Phasor Calculations 

The Circular Slide Rule 

Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELECTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 
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Enjay Butyl is extruded over the full 
length of the conductors used in General 
Electric’s new Type DE Busway, the first 
busway designed specifically for aluminum. 
This new busway incorporates all 22 
features that engineers consider important 
in busway design, yet it is up to 30% 
smaller and 50% lighter than other busways 
of comparable rating. 


Enjay Butyl rubber is ideal for use as 
continuous insulation of tubular conductors 
because of its inherent resistance to ozone 


When Enjay Buty! is used as continuous insulation of tubular aluminum conductors, 
traveling arcs are virtually eliminated, plug outlets are essentially dead-front. 


ENJAY BUTYL 


helps keep costs low in new Aluminum Busway! 


and to heat aging. Add Butyl’s excellent 
electrical properties, its vulcanizability and 
the fact that it is the lowest cost rubber on 
the market—and you'll understand why 
it was chosen above all other rubbers to 
do this job. 


Every day manufacturers are discover- 
ing new ways to use economical Butyl. 
Find out how Enjay Butyl rubber can cut 
production costs for you. For further in- 
formation and expert technical assistance, 
contact the Enjay Company. 


Ensay) Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


Akron + Boston + Charlotte * Chicago * Detroit » Los Angeles * New Orleans « Tulsa 
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BUTYL 


Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion « 
tear + chipping « cracking « 
ozone and corona « chem- 
icals « gases + heat « cold « 
sunlight « moisture. 
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Model A25 
25-ton 


Model A50 
50-ton 


One man oper- 

ates battery of 

AUTOMOLDS. 

Lowest cost press, simple air line con- 
nection, plug-in 110-220 v. circuit. 
Easily maintained pneumatic power. 
Molds set up in 2 hours; we test run 
your mold in our plant. Brochure. 


AUTOMATIC MOLDING MACHINE CO. 
Sub. Wagner Brothers, Inc. 
3201 Exposition Pi., Los Angeles 18 
400 Midland, Detroit 3 
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Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do’s and 
don'ts.” $2.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses are a signif- 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 

Title 5 25 
Slide Rule Mathematics 00 «65 
Casting Resins 1.75 1.50 
Human Engineering 2.25 2.00 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 





Now Ready— 

Get Your Copy of the 
EDITORIAL INDEX 10 
ELECTRICAL MANUFACTURING 
FOR 1957 


In addition to an annotated, sub- 
ject-classified index to all the 
feature articles, this 24-page book 
provides an author index, and 
reproduces the ELEcTRICAL MAN- 
UFACTURING Functional Subject 
Classification and Alphabetical 
Subject Cross Index. To receive 
your copy of this index without 
charge, circle No. 737 on the 
Reader Inquiry Service Card on 
page 17. 














Book Reviews 





Introduction to Electromagnetic 
Fields. By Samuel Seely. McGraw- 
Hill Book Co., Inc., 330 W. 42nd St., 
New York 36, N. Y. 308 pages, price 
$8.50. 


In addition to providing a sound back- 
ground in electricity and magnetism, 
this book also serves as the foundation 
on which to develop later work in field- 
operated devices, such as transducers 
and rotating electrical machinery, and 
the important problems of electromag- 
netic field theory. Important topics such 
as current flow fields, electrostatics, 
electromagnetism, and __ introductory 
electromagnetic field phenomena are 
covered. 

The author’s introduction of material 
through field plotting experiments pre- 
sents the scalar potential field first, and 
makes clear the relation between the 
scalar and the vector field. The intro- 
duction of vector mathematics as 
needed in the development serves to 
provide the reader with this powerful 
shorthand mathematical method. 

Emphasis is placed on the charge as 
the basic element of the theory, with 
considerations of problems of charges 
which are stationary in space, in uni- 
form motion, and in accelerated motion. 
This provides a unified approach in the 
development. 


Symposium on Titanium — STP 
204. American Society for Test- 
ing Materials, 1916 Race St., Phila- 
delphia 3, Pa. 214 pages, price $4.75. 


Aside from uranium, probably no metal 
in the past decade has so captured the 
interest of the metallurgical industry 
as titanium. Its combination of light- 
ness with strength, corrosion resistance, 
and availability make it of particular 
interest to the aeronautical industry. 
This interest, with support from the 
Dept. of Defense, as resulted in phe- 
nomenal progress in the commercial 
and technical development of this rela- 
tively new construction metal. 

This symposium brings together 14 
papers designed to give good technical 
information on which to base specifica- 
tions. These papers pertain primarily 
to property evaluation. The symposium 
was originally presented during the 2nd 
Pacific Area National Meeting, Los 
Angeles, Calif., and sponsored by 
Committee B-2 on Non-Ferrous Metals 
and Alloys. The book is illustrated and 
many of the papers comtain references. 
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r 
1 STANDARD SUBMINIATURE 


High capacity—over four times 
that of most switches its size. 
Rated at 10 amps at 125 or 250 
volts A.C. or 28 volts D.C. Wide 
range of newly designed actu- 
ators...or can be adapted to 
present actuators and mountings. 
Operating temperature range: 
—80° to +350°F. Terminal 
arrangement permits wiring 
double circuits. 


NEW TYPE Q SUBMINIATURE 


Smallest snap-action switch with 





ACRO 


Compare the ACRO group of Subminiature Switches 
any way you like—cost, performance, size, capacity, 
versatility—you’ll see why more and more design 
engineers are specifying ACRO. 

These five basic types of subminiature switches offer 
many development possibilities for your subminiature 
assemblies...from aircraft applications to vending 
machines. All incorporate the patented rolling spring 
action for which ACRO Switches are internationally 
known and respected. 


ACRO’s modern mass-production techniques and facili- 
ties assure lowest possible unit cost...even when 
variations of basic switches are required to meet your 
specific needs. 
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a 10 amp—115 volt capacity. 
Designed for extra vibration 
resistance and easy installation. 
Adaptable to automation tech- 
niques. Ruggedly built to take 
up to 100,000 operations at 
capacity load. Meets a variety 
of circuit requirements. 


OPEN BLADE SUBMINIATURE 


Use your own housing—even 
include other components if you 
desire—with this unique pre- 
cision switch. Readily adapts to 
return or set type operation. 
Actuator may be insulated or 
extended to meet requirements. 
Many other combinations are 
possible. 


PUSH BUTTON SUBMINIATURE 
Three split contact circuits in 
subminiature size. Only 7%)” 
long by 5544” wide by 1'%4” high. 
Rated at 10 amps—1I15 volts 
A.C. This panel mounted, over- 
travel plunger-type actuator 
assembly is believed to be the 
smallest yet made. 


5 OPEN BLADE MULTI-POLE 

SUBMINIATURE 
Recommended for economical 
and positive control of two cir- 
cuits. Laminations are secured 
by two eyelets which provide 
holes for mounting screws. Avail- 
able in return or set type with 
rear or side terminals. 
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Subminiature Switches 


Talk over your requirements or possibilities with an 
ACRO engineer . . . or write for engineering data on any 
or all of the five subminiature switches shown here. 


© CONTROLS COMPANY 
M Contrets 


ACRO DIVISION Dept. 158 Columbus 16, Ohio 


in Canada: Robertshaw-Fulton Controls (Canada) Lid., Toronto 
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“JIC” Wireways 
and Fittings 


“JIC” Enclosed 
Wiring Troughs 


to figure on 


34) 4-8 Ee) I 

JIC Wiring Equipment 
Keystone now offers a complete new 
line of standard J|C wiring equipment 
stocked for immediate delivery —plus 
ola litit + Mm colmm sleelold ale Math iolum un 
rafesitie-t Moin Zeltlaeysl-lalilachileat: 

Send for catalog today! 


KEYSTONE MFG. CO. 


NE % 23358 Sherwood Road 
LS) Warren, Michigan 


“JIC” Terminal and 
Pull Box Enclosures 


NEMA Type 12 — “JIC” | 


Control Panel Enclosures 


Oil-Tight 
Pushbutton 
Enclosures 


Special Custom Enclosures 
built to your specifications 
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Association Activities 





Heavy Advance Registration for 
Electrical Insulation Applications 
Conference 

An attendance of over 1500 persons is 
forecast for the First National Con- 
ference of the Application of Electrical 
Insulation to be held at Cleveland on 
September 3, 4, and 5. This conference 
will be the first of its kind ever held in 
the U. S. It is co-sponsored by the 
ATEE and NEMA. Program Chairman 
H. H. Chapman, Jr., of Owens-Corning- 
Fiberglas Corp., New York City, has 
announced that a total of 130 technical 
papers has already been accepted for 
presentation. 

It was also announced that a dozen 
leading manufacturers of electrical 
equipment will contribute technical 
exhibits at Cleveland which will ob- 
jectively show applications and uses of 
all types of electrical insulation. In 
addition, a large number of manufac- 
turers of insulation materials has al- 
ready contracted for space in the com- 
mercial exhibits section. 

Sessions of the conference for the 
presentation of technical papers and 
discussion will be held on Wednesday, 
Thursday and Friday from 9 Am to 
5:30 pm. Manufacturers who make in- 
sulation materials, and manufacturers 
and others who use them, will speak. 
All viewpoints will be covered. Topics 
will be presented under four categor- 
ies: rotating equipment, transformers, 
controls and instrumentations, and 
electronics. These four sections will 
hold concurrent sessions. 

Manufacturers of insulating mate- 
rials represented in the exhibit include 
American Machine & Foundry Co.; 
American Marietta Co.; Bentley-Harris 
Manufacturing Co.; George C. Bor- 
thing Co.; Chicago Printed String Co.; 
Columbia Tape Mills, Inc.; Connecticut 
Hard Rubber Co.; Continental Can 
Co.; Continental-Diamond Fiber Co.: 
Cottrell Paper Company, Inc.; Dow 
Corning Corp.; E. I. Du Pont de 
Nemours & Co.; Electro-technical Pro- 
ducts Div., Sun Chemical Co.; Essex 
Wire Corp.; General Electric Co.; 
Glastic Corp.; Gudebrod Bros. Silk 
Co., Inc.: Hayes Manufacturing Co.; 
Houghton Laboratories; Insulation 
Manufacturers Corp.; L. O. F. Glass 
Fibers Co.; Johns-Manville Corp.; 
Lenni Products, Inc.; Macallen Co.; 
L. Frank Markel & Sons; Meridan 
Molding Plastics; National Vulcanized 
Fiber Co.; New England Mica Co.; 
Owens-Corning-Fiberglas Corp.; Perm- 
acel-LePage, Inc.; Permali, Inc.; 


Phelps Dodge Corp.; Polygon Plastics 
Co.; Richardson Co.; Spaulding Fiber 
Co.; R. A. Staff Co.; Suflex Corp.: 
Synthane Corp.; Taylor Fiber Co; and 
Union Carbide Corp., Silicones Div. 

Representatives of many of these 
exhibitors will also deliver technical 
papers. Also represented in the program 
papers are equipment manufacturers. 

Information regarding the conference 
is available from T. F. Hart, Silicones 
Div., Union Carbide Corp., 30 E. 42 
St., New York City 17 (MUrray Hill 
6-1700) or from George Bamberg, The 
Glastic Corp., 4321 Glenridge Road, 
Cleveland 21, Ohio (IVanhoe 6-0100). 

Registration fee of $15 includes a 
preprint book. 


AIEE Committee on Electrical Insulation 
Functions and Scope Restated 


The broad spectrum of electrical in- 
sulation functions is reflected in the 
recent action of the Technical Opera- 
tions Department of the AIEE in 
changing the name of the AIEE Com- 
mittee on Dielectrics to the Committee 
on Electrical Insulation. This change 
of name is intended to bring the name 
of the Committee more into line with 
its functions, since the Committee cov- 
ers a much broader field than the 
theoretical aspects of electrical insula- 
tion implied by the term “dielectrics.” 
The participation of the AIEE in the 
first National Conference on Applica- 
tion of Electrical Insulation is an ex- 
ample of the practical functions of this 
Committee. 

Dr. L. J. Berberich is retiring as the 
first chairman of this Committee and 
vice-chairman K. N. Mathes, General 
Electric Co., Schenectady, N. Y., will 
take office on August 1. The other of- 
ficers of the Committee will be: J. F. 
Dexter, Dow Corning Corp., Midland, 
Mich., vice-chairman; and H. P. 
Walker, Bureau of Ships, Navy Depart- 
ment, Washington, D. C., secretary. 

The scope of the Committee has now 
been set forth as follows: 

The treatment of all matters relating 
to the theory and practice in the field 
of electrical insulation and associated 
dielectric phenomena, except those re- 
lating to applications involving specific 
apparatus. This includes the following: 

1. The promotion of a national tech- 
nical conference jointly with other 
technical interested in the 
field of electrical insulation, covering 
in particular the application aspects. 

2. Promotion of symposia on all as- 


societies 


ELECTRICAL MANUFACTURING 





AMONG DESIGN ENGINEERS...ALLEN-BRADLEY IS THE PREFERRED CONTROL! 


BULLETIN 849 


These versatile timing re- 
lays are available in a vari- 
ety of types for either “on 
delay” or “off delay.” Delay 
time is adjustable from 
1/20 to 180 seconds with an 
accuracy of + 10%. Main- 
tenance free silver alloy 
contacts. Additional auxil- 
iary contacts easily added. 
A.C, or D.C, operation. 











AUXILIARY TWO TIMING COMBINED 
CONTACTS ADDED UNITS ON-OFF TIMER 


BULLETIN 848 - BULLETIN 850 oT BULLETIN 852 


For applications is a § An accurate and 

=m where reliability S iit i, Driven by a y wm. flexible A.C. 

} is more important AL Telechron mo- ‘ _ timer, designed 

than accuracy. As ——_ tor, this timer = for frequent op- 

the viscosity of the alternately —_ eration. Can be 

silicone fluid does opens and closes two switch recycled rapidly 

not vary with tem- units. Made to provide 2, 3, over long periods. Time delay is 

perature, the tim- 4, or 6 operations per minute dial adjustable over a range of 20 

er’s accuracy is + 15% from on 60 cycles. Running and to 1. Repetitive accuracy + 2%. 

—30°F to+ 120°F. Can be easily drift time on both contact Eight units provide time delay of 
adjusted from 2 to 30 seconds. units are easily adjustable. 0.025 to 120 seconds. 


This broad line of timing relays carries the traditional 
Allen-Bradley trademark of quality that stands for 
trouble free operation. The rugged construction and 
maintenance free, silver alloy contacts have made 
them first choice among men in the field . . . engineers, 


consultants, and contractors. You just cannot go wrong A L 7 N . B ie A DI. ‘7 


when you specify Allen-Bradley control ... by name! 


MOTOR CONTROL 
Allen-Bradley Co., 1309 S. First St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. =S QUALITY <n 
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THERE THEY CO! 


ANOTHER ORDER 
FOR 


TOLEDO 


COMMUTATORS 
AND COLLECTOR 
RINGS 


OW THE 
Way! 
SS 





You get fast action on 

your order because we 

know we con save you 

money by delivering quality 
commutators and collector rings 

in o hurry! Our extensive 

tooling facilities enoble us to 

turn out special orders, samples or 
repair jobs promptly. Only the 
finest materials go into our 
products . . . quality controlled and 
inspected to insure uniform 
perfection in each commutator and 
collector ring . . . no matter 


how many you order. 


For quality commutators 
ond collector rings . . - 
for quick delivery 

. . call Toledo 
Commutator Co. 





yon? *P8etae. 
Write today for A“ 
Catalog #65. + 


. 
. eee” 
®eesest*® 


toledo PY 


commutator co. 


ON Tessien 6. igar 
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Aug. 6-8—1958 Special Technical 
Conference on Non-Linear Mag- 
netics and Magnetic Amplifiers, 
Hotel Statler, Los Angeles, Calif. 


13-15—Conference on Elec- 
tronic Standards and Measure- 
ments, sponsored by AIEE and 
IRE, at the Radio Standards Lab- 
oratory of National Bureau of 
Standards, Boulder, Colo. 


Aug. 


Aug. 19-22—Western Electronic 
Show and Convention, Ambassador 
Hotel, Pan Pacific Auditorium, Los 
Angeles, Calif. 


Sept. 3-5—Cryogenic Engineering 
Conference, Massachusetts Institute 
of Technology, Cambridge, Mass. 


Sept. 3-5—First National Confer- 
ence on Application of Electrical 
Insulation, co-sponsored by AIEE 
and NEMA, Pick-Carter and Stat- 
ler-Hilton Hotels, Cleveland, Ohio. 


Sept. 15-19—13th 
ment-Automation Conference and 
Exhibit, sponsored by Instrument 
Society of America, Philadelphia 
Convention Hall, Philadelphia, Pa. 


Annual Instru- 


Sept. 22-24—National Symposium 
on Telemetering, Americana Hotel, 


Miami Beach, Fla. 


Industrial Electronics 
Rackham Memorial 
Detroit, Mich. 


Sept. 24-25 
Conference, 


Bldg., 


Sept. 28-Oct. 2—The 114th Meet- 


pects of the field of electrical insula- 
tion, ranging from theory to general 
applications at national meetings of 
the Institute for the purpose of serving 
design and development engineers who 
apply this information. 

3. The treatment of the various 
phases of the field of electrical insula- 
tion, such as solids, liquids and gases. 

4. The study of the mechanism of 
deterioration of electrical insulating 
materials in general, particularly as 
caused by heat, corona and nuclear 
radiation, and the evaluation of insul- 
ating materials in a broad way. 

5. The development and standardiza- 
tion of test procedures for the thermal 
evaluation of insulating materials and 
simple combinations of these materials, 
but not including insulation systems of 
materials as used in specific apparatus. 


ing of The Electrochemical Society, 
Chateau Laurier, Ottawa, Canada. 


Oct. 1-2—Fourth 
Radio _ Interference Reduction, 
Armour Research Institute, Chi- 
cago, Illinois. 


Conference on 


Oct. 13-15—Fourteenth Annual 
National Electronics Conference, 
Hotel Sherman, Chicago, III. 


Nov. 10-14—Annual Meeting Na- 
tional Electrical Manufacturers As- 
sociation, Traymore Hotel, Atlantic 


City, N. J. 


Nov. 17-18—Sixth Annual Con- 
vention of the Society of Technical 
Writers and Editors, Inc., Shore- 
ham Hotel, Washington, D.C. 


Nov. 17-20—Conference on Mag- 
netism and Magnetic Materials, 
sponsored by the AIEE, in coopera- 
tion with the American Physical 
Society, IRE, the Metallurgical 
Society of AIME, and the Office of 
Naval Research, Sheraton Hotel, 
Philadelphia, Pa. 


Nov. 17-21 — Eighth National 
Plastics Exposition, sponsored by 
the Society of the Plastics Industry, 
International Amphitheater, Chi- 
cago, Ill. 


Nov. 18-20—Ninth National Con- 
ference on Standards, sponsored by 
the American Standards Associa- 
tion, Hotel Roosevelt, New York. 


6. The coordination of the various 
activities in the field of electrical in- 
sulation in the Institute through liaison 
members from the various apparatus 
insulation subcommittees. 

American Automatic Control Council 
Elects Officers 

The American Automatic Control 
Council has adopted a Constitution with 
the approval of the constituent socie- 
ties, ASME, AIEE, AIChE, IRE and 
ISA. 

Elected president in a mail ballot 
was Prof. Rufus Oldenburger, School 
of Mech. Eng., Purdue Univ., Lafayette, 
Ind. Dr. J. C. Lozier, Bell Telephone 
Laboratories, Whippany, N. J., was 
elected vice president, and W. E. Van- 
nah, Control Engineering magazine, 
New York, was elected  secretary- 
treasurer. 
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MENTO 
with MADISON-KIPP Zinc and Aluminum 
Die Castings 


Renowned furniture craftsmen of the ages 
gave modern designers a most important 
clue to success—close attention to details. 

Imagine inelegant legs on this *All Steel 
Desk. The effect would be jarring. The 
Kipp die cast desk legs blend with the 
over-all design and as a detail are of mo- 
mentous importance. 

Product designers know what they want 


OF DESIGN 


in last word engineering features. Atten- 
tive mechanics at Madison-Kipp have been 
helpful to highly placed designers and en- 
gineers for over a quarter century in apply- 
ing die castings effectively and econom- 
ically. 

They invite you to clip this ad as a re- 
minder to contact them when you have die 
casting requirements. 


*All-Steel Equipment, Inc., Aurora, Illinois 


MADISON-KIPP CORPORATION 


214 Waubesa Street Madison 10, Wisconsin 


Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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Men in Industry 





The WBD 

Custom Service on 
Precision Resistance, 
Chemical and 


M an 
echanical Alloys Frank H. Roby has been appointed 


an executive vice president of Federal 
Pacific Electric Co., manufacturers of 
electrical control and _ distribution 
equipment. Before joining Federal Pa- 
cific, Mr. Roby was vice president and 
director of the Square-D Co., Detroit, 


ited ‘ also serving on the board of Square-D 
WBD vacuum-melted custom Co. Canada Ltd. and as managing 








rope trick (1958 VERSION) 








metals are providing the 
answer to increasing demands 
for entirely new alloys in 
missiles, rocketry and 
nucleonics. This new integrated 
custom service provides 
complete development and 
manufacturing departments 
and features one of the 
nation’s largest vacuum- 
melting installations. If your 
application requifes a special 
alloy, ask for complete 
information. 


Precision alloys for all 
applications including — 
Nickel Chrome 

Heat Resisting 

Low Temperature Coefficient 
High Temperature Coefficient 
Glass Sealing 

Filament and Grid 

Beryllium Copper 

Stainless Steel 

Pure Nickel, Monel* 


Wire, rod, ribbon and strip 


Insulations of Enamel, 
Formvar, Liquid Nylon, 
Cotton, Silk, Nylon 
and Fibre Glass. 

*T.M. International Nickel Co. 


director and board member of Square-D 
Ltd. of Great Britain. He is currently 
vice president and member of the Board 
of Governors of the National Electrical 
Manufacturers Association. 


A. W. Orlacchio has been appointed 
chief engineer of the Glennite Instru- 
mentation Div. of Gulton Industries, 
Inc., Metuchen, N. J. His new duties 
include all design development and 
production engineering for products of 
the division. Previously Mr. Orlacchio 
was employed at the National Bureau 
of Standards in Washington, D. C., 
where he worked in the field of propa- 
gation of sound through solid media. 


WILBUR B. DRIVER Co. 
Main Office: NEWARK, N. J. * Tel. HUmboldt 2-5550 
For Over 40 Years Melters and Manufacturers 


of Precision Alloys for All Industries 


Mfg. Plants: 1875 McCARTER HWY., NEWARK 4, N. J. * 2734 INDUSTRIAL WAY, SANTA MARIA, CAL. 
In Canada: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET EAST, TORONTO 1, CANADA 


Tom C. Lloyd, chief engineer, Rob- 
bins & Myers, Inc., motor manufac- 
turers of Springfield, Ohio, has been 
named a Fellow of the American In- 
stitute of Electrical Engineers in rec- 
ognition of his “contributions to the 
art of electrical motor design.” 
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For over a quarter of a century, 


The Industry Rockbestos A.V.C. Switchboard wires have been 
Standard for used by manufacturers to insure dependability and 


long life. And, today, more and more manufacturers 


Over 25 Years 


sean » a oe fe 2 


are joining the list of satisfied users. 


Rockbestos A.V.C. (N.E.C. type 
AVB) Switchboard wire — solid or stranded 


a 


Rockbestos A.V.C. 
(N.E.C. type AVB) 
Switchboard hinge cable — flexible stranded 


Rockbestos N.E.C. 
type TA switchboard and flexible hinge cable 
— solid, stranded and flexible stranded 


Here’s Why: 


/ Easier, quicker installation — impregnated felted asbestos cushions the braid, 
eliminates cracking. Provides better appearance, allows easy-to-make finger 
bends. 

Strips easily — with both hand and power stripping equipment. Radio and television transmitters 
Takes 90° bends — no braid cracking or bulging. 
Controlled quality — for uniform diameter, color and performance. 


Fireproof — will not ignite, carry or support flame. Passes Underwriters’ Labora- 
tories Vertical Flame Test, withstands 900 volts after flame test. 

Stands high temperatures — rated at 90°C (194°F.) by N.E.C. 

Moisture resistant — minimum breakdowns after one hour in water: 15 KV for 
type AVB and 12.5 KV for type TA. 


High dielectric strength — minimum breakdown voltages: for type AVB — 
20 KV, for type TA — 15 KV. 


R Oo Cc K B E STOS : . \. For complete details on 


Rockbestos Switchboard wires, 


PRODUCTS CORPORATION » f — ett tes enemas 7446 


NEW HAVEN 4, CONNECTICUT 
NEW YORK + DETROIT + CLEVELAND * ST. LOUIS * CHICAGO « ATLANTA « PITTSBURGH * DALLAS « LOS ANGELES * OAKLAND « SEATTLE 


USE THESE WIRES FOR 


Switchboards, switchgear and control panels 


Motor driven rheostats 

Control panels for motor starters 

Elevators, fire doors, cranes 

Hinged connections on swinging meter panels 


Motor leads, etc. 
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Donald O. Schwennesen has been ap- 
pointed vice president of Magnetic 
Metals Co., Camden, N. J. His duties 
will include both engineering and man- 
agerial responsibilities. 


Dr. L. J. Berberich has been appoint- 
ed manager, engineering department, 
Associated Companies Div., Westing- 
International Co., East Pitts- 
burgh, Pa. He will be responsible for 
the interchange of engineering manu- 
facturing information between West- 
inghouse licensees and the parent com- 
pany. Dr. Berberich was formerly act- 
ing manager of the insulation and 
chemical development section, Mate- 
rials Engineering Department of West- 
inghouse. 


house 


Joseph J. Sousa has joined the Elec- 
tric Specialty Co., Stamford, Conn., 
as chief electrical engineer. Prior to 
joining Electric Specialty, he was chief 
electrical engineer of Star Kimble In- 
dustrial Motor Division of Safety In- 
dustries, Inc., New Haven. 


David E. McElroy has been appointed 
manager of plastics research of Inter- 
national Resistance Corp., Philadel- 
phia, Pa. Mr. McElroy, who joined IRC 
in 1953, has held the positions of re- 
search engineer and senior research 
engineer. Prior to joining IRC, he was 
associated with General Chemical Div.. 
Allied Chemical & Dye Corp., as pro- 
duction supervisor. 


George T. Brent has been appointed 
chief engineer of Circuit Instruments 
Inc., St. Petersburg, Fla., a subsidiary 
of IRC. Mr. Brent, who joined IRC in 
1955, has held the positions of design 
engineer, production manager and 
manufacturing superintendent. 


R. P. Ballou has been appointed vice 
president of engineering for Marco 
Industries, Inc., Womelsdorf, Pa. For 
the past seven years, he has been chief 
engineer of Howell Electric Motors 
and, for five years prior to that, was 
chief engineer of Federal Electric 
Products. 


J. Harry DuBois, former president of 
the Society of Plastics Engineers, has 
established consulting services for the 
plastics industry. Services will empha- 
size particularly the market applications 
for plastics materials in industry, and 
the development of marketing tech- 
niques. 


William M. Gourley has been made 
manager of engineering administration, 
Government and Industrial Div., Philco 
Corp. He will be responsible for all 
engineering procedures, budget control, 
material procurement, packing design, 
clerical services and processing of en- 
gineering data. 
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Company Briefs 





A license agreement for the Du 
Pont Co. to manufacture and sell a 
new grade of ultra-high-purity silicon 
under a process developed by Interna- 
tional Telephone and Telegraph Corp. 
was recently signed. Under the agree- 
ment, Du Pont has exclusive rights to 
make and sell the material in the 
United States and Canada for a 10- 
year period. 


Dalmo Victor Co., Div. of Textron 
Inc., Belmont, Calif., has established 
an engineering laboratory in Monterey, 
Calif. Through this laboratory, the 
firm plans to broaden its activities in 
the missiles field and promote further 
development of space technology. 


Tecnifax Corp., Holyoke, Mass., man- 
ufacturer of diazotype reproduction 
equipment and _ materials, recently 
opened its West Coast headquarters 
building at 786 Monterey Pass Rd., 
City of Monterey Park, Los Angeles 
County, Calif. 


Bendix Aviation Corp.’s Eclipse-Pio- 
neer Div., Teterboro, N. J., has pur- 
chased a 117,000 sq ft building ad- 
jacent to the division’s present 100- 
acre installation as part of a planned 
expansion of electronic systems for 
aircraft and missiles. The purchase was 
made from Electronic Communications, 
Inc., of St. Petersburg. Fla., formerly 
known as Air Associates, Inc. 


Skyvalve, Inc., a newly-formed sub- 
sidiary of Engelberg, Inc., Syracuse, 
N. Y., will specialize in the engineer- 
ing, development and manufacture of 
high pressure pneumatic and hydrau- 
lic valves for aircraft missiles and 
rockets. 


The Durez Plastics Div. of Hooker 
Chemical Co., Niagara Falls, N. Y., has 
been decentralized and will now oper- 
ate as an autonomous division of the 
company. Production, sales and profits 
now become a division responsibility. 


In the near future, Allied Chemical 
Corp. will create two separate divi- 
sions to manufacture and market the 
product lines now handled by its pres- 
ent Barrett Div. Barrett’s lines of roof- 
ing. building and paving materials 
will be separated from the plastics 
and coal chemicals and will continue 
to be manufactured and sold under 
the Barrett Div. The manufacture and 
sale of plastics, resins and industrial 


chemicals will be conducted by the 
Plastics and Coal Chemicals Div. 


L. Frank Markel & Sons, Norristown, 
a.. manufacturer of insulating tub- 
ing and sleeving, has formed a Flexlead 
Div. for manufacture of high-tempera- 
ture insulated lead wire. N. Benjamin 
Cawthorne has joined the Markel firm 
to head this division. 


P 


Consolidated Electrodynamics Corp., 
Pasadena, Calif., has completed con- 
struction of two 57,500 sq-ft build- 
ings for its Systems and Transducer 
Divisions in Monrovia, Calif. Both divi- 
sions, formerly located in Pasadena, 
are now operating in their new facil- 
ities. 


Amphenol Electronics Corp., Chicago, 
Ill., has formed a new Western Div. 
to be located in Chatsworth, Calif. 
The division and its modern facility 
will enable the company to offer im- 
proved sales and engineering services 
to its Southern California, Southern 
Nevada and Arizona customers, par- 
ticularly in the missile and aircraft 
industries. 


Metal Process Co., of 1811 First Ave., 
New York 28, N. Y., will shortly begin 
manufacturing high pressure sealing 
devices. Under recent license agree- 
ment concluded with Automatic & Pre- 
cision Mfg. Co., Yonkers, N. Y., the 
firm will produce APM’s patented Hex- 
seals for sealing switches and shafts, 
as well as the complete line of Seel- 
skrews, Seelrivits and Seelbolts. 


Dr. Percy L. Spencer, who made 
mass production of radar tubes pos- 
sible in World War II, will have 
Raytheon Manufacturing Co.’s new Bur- 
lington laboratory named after him. 
The laboratory will be built on Route 
128 for the company’s Microwave and 
Power Tube Div. which Spencer has 
managed for the past 16 years. The 
facility, which will house 1000 engi- 
neers and supporting personnel, will 
be known as the Spencer Laboratory. 


Electronic Research Associates, Inc., 
Cedar Grove, N. J., recently formed a 
new California subsidiary known as 
Era Pacific, Inc., located at 1760 Stan- 
ford St., Santa Monica, Calif. This 
wholly-owned subsidiary will specialize 
in design and manufacture of semi- 
conductor and transistorized devices. 


The Trolex Corp. has been formed 
with production facilities amd offices at 
4322 Warren Ave., Hillside, Ill. The 
company will make a type of wafer 
switch for use in television, radio and 
laboratory instruments, and will make 
control switching devices for electric 
ranges and air conditioning equipment. 
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keeps out troublesome wear, corrosion, discoloration 


run. A wide variety of standard 
weaves and meshes are readily avail- 
able. You can also save with cloth 
made of Nickel, Inconel* nickel-chro- 


This lint filter? is a big reason why 
housewives buy RCA Whirlpool au- 
tomatic washers. 

It’s tough, corrosion-resisting, 
easy-to-clean ... and stays that way 
because the woven wire cloth is made 
of Monel* nickel-copper alloy! 


Monel wire mesh resists corrosion 
by practically all common acid and 
alkaline solutions. What’s more, it 
withstands other severe operating 
conditions because it’s strong, hard, 
rigid and durable. 





In fact, Monel mesh has proven so 
long-lived and trouble-free that 
Whirlpool engineers now use this 
light-weight mesh in all lint filters on 
their automatic washers. 


As for fabrication, Monel wire cloth 
is easily welded, brazed, soldered... 
readily formed. And no velvet-glove 
treatment is needed. It takes “wear 
and tear” of fabrication in stride. 

Low cost, too. In fine meshes, it’s 
priced specially low. In any mesh, it 
makes for sure savings in the long 





mium-iron alloy and other Inco 
Nickel Alloys. For the names of ex- 
perienced weavers in your area who 
will gladly give details, write: 

*Registered trademark 
¢Wire cloth supplied by National Standard Co., 
Reynolds Wire Division, Dixon, Illinois 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall St. New York 5, N.Y. 
seo, 


Teeet wate 





INCO NICKEL ALLOYS 
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Engineering Applications of 
Boolean Algebra 


(Continued from page 117) 





tacts. If the independent failure probability of one control 
wire during a standard switching interval is p, and the 
corresponding independent failure probability of a relay 
contact is g, then for every value of p there is some value 
of q beyond which the simple circuit is more reliable. 
The graph of this trade-off is given in Fig. 62.* 

The portion of the logic which makes the fail-safe de- 
cisions and/or the self-correcting operations is called, 
appropriately enough, the executive. For large systems 
the executive circuitry often becomes relatively small and 
it is feasible to employ fairly intelligent executives. The 
basic rules governing how the executive makes its deci- 
sions can be varied and the reliability of the system will 
vary accordingly (taking into account the reliability of 
the executive as well). 

Coding the Coin Changer. In Part III the Handy- 
Dandy Coin Changer was designed as an example of 
circuit synthesis. Since the techniques discussed up to 
that point were not convenient for problems having six 
or more variables, it was decided to limit the “intelli- 
gence” of the machine as far as the heights of the coin 
stacks were concerned. Using the state coding approach 
it is now possible to review the design and evolve a coin 
changer which will give change down to the last nickel 
or dime in its stacks. 

Reviewing the specifications, it is seen that only four 
outputs are involved (the input money being returned 
if none of the four outputs are energized) :+ 


b = 1: Release two nickels (and collect the input). 

c = 1: Release two dimes and one nickel (and collect). 
d = 1: Release one dime and three nickels (and collect). 
e = 1: Release five nickels (and collect). 


It is now necessary to examine the states of the con- 
trol inputs. In order to provide change whenever possible, 
the central logic has to be informed of when there are 
0, 1, 2, 3 or more, or 5 or more nickels in the hopper; 
this corresponds to a choice among five alternatives. 
Similarly, the logic has to know about the presence of 
0, 1, or 2 or more dimes; this represents three alterna- 
tives. If the number of nickels is greater than the num- 
ber of dimes, this information must also be supplied. 
Finally, the central logic must be aware when a dime, a 
quarter or neither has been inserted (three alternatives). 
Roughly speaking, the four items of information are in- 
dependent, and there are at most 5 «K 3 & 2 * 3 = 90 
states. Finally, it is assumed that there is no need for 
self-checking controls. 

Since, for instance, it is impossible to have more 
nickels than dimes when there are no nickels and 1 dime 
in the hopper, a total of 39 impossible state combinations 
occurs, reducing the coding problem to 51 states. Applying 
the principles of Eq (93): 


n = Int (log251) = Int (5.7) =6 


*It can be shown that the reliability of the simple circuit during a standard 
time interval is approximately: (1-p)2(1-q)4. The corresponding reliability of 
the parity-check circuit is: [1-3p?(l-p)][l-¢]". The trade-off point is the 
point for which these reliabilities are equal. 

tSince any combination of two or more outputs is impossible, there are only 
5 output conditions, and 6, c, d, e may themselves be coded. This will not 
be done here. 
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Hence, six controls are required. The problem is to assign 
these six controls so as to simplify the central logic. Ob- 
viously they must be chosen to distinguish between 
groups of states that require different outputs. For in- 
stance, when a dime is inserted it will make no difference 
to the logic whether there are more nickels than dimes; 
consequently the code does not need to distinguish be- 
tween the relative abundance of nickels and dimes, ex- 
cept when a quarter has been inserted. 

The state diagram of this system has 5] states and 
many interconnections, more than can be conveniently 
drawn. A Gray code is out of the question for this reason. 
and a minimal code will be attempted. Call the six con- 
trols J, K, L, M, N, P. It is necessary to assign these con- 
trols to make sufficient distinctions so that the logic will 
know which output to call out. This requires some study, 
which may be simplified by recalling that one of the 
duties of the controls is to answer the question “Are 
there enough coins in the stacks to permit outputs b, c, 
d, or e?” Hence four controls can immediately be as- 
signed: 

J 

K 

L 
M 
The above four variables correspond to the possibilities 
of having outputs b, c, d, e. The remaining two variables 
must be coded in a slightly intricate way, taking our cue 
from the fact that the relative stack heights must be 
sensed only when a quarter has been inserted: 


There are at least two nickels. 

There are at least two dimes and one nickel. 
There are at least one dime and three nickels. 
There are at least five nickels. 


| 


a) 


N,P = 00: Neither a dime nor a quarter has been inserted. 
N,P = 11: A dime has been inserted. 

N,P = 10: A quarter has been inserted and there are more 
nickels than dimes. 

A quarter has been inserted and the number of 
dimes is greater than or equal to the number of 
nickels. 


N,P = 01: 


Variables J, K, L, M, N, P provide all necessary con- 
trol states for the system. They can be implemented in a 
fairly direct way (see Fig. 63). The logical specifications 
for the Handy-Dandy Coin Changer may now be verbally 
stated: 


1. If a dime is inserted, release two nickels if possible. 
2. If a quarter is inserted and 
a. if two dimes and a nickel can be released while one 
dime and three nickels can not, make the former 
change. 

. if one dime and three nickels can be released while 
two dimes and one nickel can not, make the former 
change. 

c. if either is possible, make change which tends to 
equalize the stacks. 

d. if neither is possible, release five nickels if this can be 
done. 


3. If none of the above, return the input coin. 


The specifications must now be transcribed to algebra 
and rectified according to the methods of Part III. One 
possible set of results is:* 

NJP 

K(N’P + L’'NP’) 
LANP’ + K’N’P) 
K'L'M(N'P + NP’) 


hueu a 


b 
c 
d 
e 


Sequential Circuits. Up to now this series has been 
devoted to the analysis and synthesis of combinational 
circuits. Part V will discuss the design of sequential cir- 
cuits—circuits in which time and memory are important 
factors. oR ome) 


*Upon inspecting the results, one recognizes that further overall simplification 
is possible, provided one permits the separation of the N, P controls into three. 
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TRIPLETT & BARTON TRI-IND-X PORTABLE X-RAY UNIT 
OLD MODEL NEW MODEL 


NEW 
SPECIFICATIONS SPECIFICATIONS 
Weight 107 Ibs. 65 Ibs. 
Diameter 15 inches 11 inches 
Machining and 
Assembly Time 78 hours 11% hours 


Service Time 4% hours 5 minutes 
Parts 27 bolts 2 Truarc Rings 

















Prior to adoption in their new bantam-weight TRI-IND-X, Triplett & 
Barton, Inc., Burbank, Calif., subjected Waldes Truarc Retaining Rings 
to severe tests and rigid inspections. Although the TRI-IND-X operates 
at a normal pressure of 50 psi, Truarc Rings were subjected to pressure 
tests in excess of 500 psi, proving their high performance. 


Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product. 


In Truarc, you get 


Statistically Controlled Quality from engineering and raw 
materials to the finished product. Every step in manu- 
facture watched and checked in Waldes’ own modern plant. 


Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types available 


WALDES 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N. Y. 


» TRUARC 


ONE 10” BEVELED RING REPLACES 12 BOLTS— 
Machining and assembly time formerly required 78 
hours ...now reduced to 1'4 hours! Service opera- 
tions for dismantling or tube change formerly re- 
quired 41% hours. ..now reduced to 5 minutes! In 
addition to savings on materials, costs have been 
reduced approximately $500 per unit. 





ONE 9” BEVELED RING REPLACES 15 BOLTS—in addi- 
tion to functioning as mechanical fasteners, the Truarc 
Beveled rings serve as pressure vessel closures, provid- 
ing leak-proof seals. The wedge action of the ring com- 
pensates for wear, provides a constant tight seal. 





quickly from leading OEM distributors in 90 stocking points 
throughout the U. S. and Canada. 


Field Engineering Service: More than 30 engineering- 
minded factory representatives and 700 field men are at 
your call. 


Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today... 
let our Truarc engineers help you solve design, assembly 
and production problems. . . without obligation. 


Gea ena ame a a a ae ae ee ewes ean ewan 


Waldes Kohinoor, inc., 47-16 Austel Place, L.1.C.1, N.Y. 


Please send new, descriptive catalog showing all 
types of Truarc rings and representative case history 
applications. 

(Please print) 


Name 











¥ 7 


Busi Address. 





City. Zone. State 





EM 080 


ae 


Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Representative and Authorized 
Distributor. Look under “Retaining Rings” or ‘“‘Rings, Retaining.” 
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Super-Thin Bonded 
Insulating Films 


(Continued from page 89) 





These advantages accrue from the simplicity of winding 
operations resulting from handling only a single strip. 
This has the added physical strength supplied by this type 
of dielectric. However, some special processing steps are 
required and some problems will have to be solved. 

It is suggested that the slit AMFoil ribbons being used 
have the metal recessed on both edges so that short cir- 
cuits between turns will not result from bare, exposed 
metal or microscopic burrs. A bonded dielectric coated on 
both sides with insulation is more appropriate for this 
application since the recommended double layer of in- 
sulation is provided. Foils coated on both sides introduce 
the problem of obtaining good electrial contact to the 
coil. This problem has not yet been completely solved. 
In many cases leads can be welded directly through the 
insulation. Another approach would be to use a stapling 
operation, driving a metal contact through the noncon- 
ducting film. 


Conclusion 


Although these bonded dielectric films are available 
commercially only with insulation on both sides of a 
metal foil, samples have been prepared experimentally 
with only one side of the foil insulated. 

The range of metals, coating materials, metal gages 
and coating thicknesses now commercially available from 


AMF are summarized in Table VI. Slit widths down to 
14 in. are available in shorter lengths. All bonded di- 
electrics which are coated on both sides can be obtained 
with the metal foil recessed approximately 4 ¢ in. on one 
or both edges. This is a feature which is desirable in 
capacitor or coil winding applications, as described 
earlier. 

It is important to emphasize that bonded dielectrics 
are unique in that they are composed of super-thin high 
quality electrical insulating films bonded to a low re- 
sistance supporting metal foil. This design makes them 
ideally suited for the miniaturization and construction 
of electronic components, in which they have the fol- 
lowing advantages: 

1. Good electrical properties for high temperature 
operation: high dielectric strength, high insulation re- 
sistance and low dissipation factor. 

2. Extremely thin films can be handled easily due to 
the added physical strength of the supporting metal foil. 

3. Small space factors can be obtained for low voltage 
applications through the super-thin films available. 

4. Easier handling is promoted by combining insulator 
and conductor, and giving less units of materials to 
handle in component manufacture. O00 
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Built-in Overheat Protection 
for Three-Phase Motors 


(Continued from page 83) 





In order to obtain a clearer understanding of the 
capabilities of both the inherent protector and the remote 
protector, a test was performed to compare these methods 
under similar running and locked conditions. For the 
tests a protector was applied to a l-hp 220/440 volt 
three-phase moter which was coupled to a d-c generator 
to provide various loads. The motor was wired in such 
a manner that the inherent protector could be bypassed 
and replaced in the circuit with a magnetic starter and 
overload relays. The magnetic starter was procured 
through ordinary retail channels and heaters were in- 
stalled in accordance with the National Electrical Code. 
The overload relay units were set on automatic reset. As 
the full load rating of the motor was 3.48 amp at 220 
volts a-c and 1.74 amp at 440 volts a-c, heaters were not 
available which would give 125 per cent of the name- 
plate rating as permitted in Paragraph 4322 of the 
N.E.C.; therefore, the next largest step was used as 
permitted in Paragraph 4324, which allows a heater with 
an ultimate trip of 4.5 amp, or 129 per cent of motor 
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full load current. Thermocouples were attached to the 
windings of the motor and the “hotspot” temperature 
was recorded on a recording thermometer. By changing 
the pen of the recorder it was possible to super-impose 
the remote-test results on the same chart as the inherent 
test results. To keep the test within a reasonable time 
limit, all tests were run for a period of one hour unless 
it became necessary to shut off the motor because of 
dangerous heating. Three types of tests were run: locked 
rotor tests for both three-phase and single-phase condi- 
tions, overload tests on three-phase, and blocked ventila- 
tion tests. 

In the locked rotor test with all three phases energized, 
it can be seen from Fig. 4 that the inherent overheat 
protector kept the motor winding temperatures well within 
the limits set by the Underwriters. The remote overload 
relays, however, allowed the temperature to exceed the 
safe allowable temperature on the third cycle and by the 
eighth cycle the test had to be discontinued since the 
motor was in danger of being destroyed. In the locked 
rotor test, with only two phases energized, the inherent 
overheat protector still maintained winding temperatures 
within the safe limits (as shown in Fig. 5) but the 
remote protector again allowed the motor to become 
unsafe. Although in this instance the number of cycles 
had increased before the motor became unsafe, by the fifth 


cycle the motor was above safe temperatures and by the 
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MODERN REULAND POWER 


This unit contains an internal fluid 
coupling . . . a two-speed reversing 
duty motor... gear reducer... and 
magnetic brake mounted between the 
reducer and the fluid coupling. It is 
typical of the literally hundreds and 
slehikeia-teh- Mme) mm eT ela-1eMer-Ler-pole-halelil 
available aS a result of Reuland’s 
aay nalele(-1g Mmmm, @ or-Laler-]0) (=m D1-1-31-4) Mm [o(-t- B 
It is easy to see how this one, com- 
pact drive package saves costs and 
space and weight in comparison to 
installing separate drive units. 
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fourteenth cycle the test had to be discontinued. 

The three-phase running overload test showed dra- 
matically that the inherent overheat protector will allow 
a motor to do more work safely than the remote overload 
protector. Figure 6 shows the results of a 175 per cent 
of full load test. Note that the inherent protector allowed 
the motor to run approximately 35 min until the tempera- 
ture of the motor was at 112 C, while the remote pro- 
tector allowed the motor to run only 744 min even though 
the motor temperature was merely 70 C. During the hour 
of the 175 per cent load tests, the remote protector did 
not allow the motor to reach an unsafe temperature. How- 
ever, in the 200 per cent load test shown in Fig. 7, the 
remote protector did allow the motor to reach an unsafe 
temperature after an hour of running. The inherent pro- 
tector maintained safe temperatures and still permitted 
the motor to operate. During the 300 per cent load test 
shown in Fig. 8 the remote protector let the motor be- 
come dangerously hot and the test had to be discon- 
tinued, but once again the inherent protector maintained 
the motor at a safe temperature. 

Figure 9 shows the results of a test in which the venti- 
lation openings to the motor were blocked and the motor 
operated at 125 per cent of full load, nameplate rating. 
As was to be expected, the remote protector gave no 
indication of stopping the motor (although after an hour 
the motor had reached an unsafe temperature) and if 
the motor had been allowed to run, the motor tempera- 
ture would have continued to climb and eventually the 
windings would have burned out. The inherent pro- 
tector, which is responsive to the heat within the motor 
as well as the current, permitted the motor to continue 
running until it approached an unsafe temperature, at 


which time the inherent protector opened the motor 
circuit. 

Protection for Large Motors. Reference was made 
to the special performance characteristics needed by 
different types of appliances. In the past this need has 
been largely confined to the fractional horsepower mo- 
tors, but we now have this same trend taking place in 
the integral sizes. The first application where inherent 
protection is rapidly becoming a “must” is in refrigera- 
tion units for air conditioning. At one time it was cus- 
tomary to sell the compressor without the motor and let 
the user buy a motor of his own choosing. Today the 
trend is toward hermetically sealed compressors with 
motor protection installed as original equipment. It is 
also the trend for machines to be factory-equipped with 
the motor. As a result, competition will move toward 
motors more closely matched to the load requirements 
and the nature of the service of the equipment, making 
inherent protection a necessity for some types of 
machinery. 

Theoretically, there is no limit to the size of motor 
for which inherent protectors can be provided. Practi- 
cally, the limitations are physical size of the protector 
for handling full motor current and the cost of tooling 
for each new size. However, for the larger motor sizes, 
thermostats to provide full running protection are avail- 
able for attaching to or embedding in the motor wind- 
ings. These are used to control the magnetic starter and 
are auxiliary to the thermal overload relays. Winding 
thermostats are widely used at the present time by many 
motor manufacturers and extend the advantages of in- 


herent protection to motors of any size and voltage. 
o.oo © 





Automatic Operation 
in Package Sorting 


(Continued from page 120) 





holds the switch in the down or “operated” position. 
There is a keying relay, REI in Fig. 7, accompanying 
each keying switch; and the contacts and coils of the 
individual switches and relays are either in parallel or 
series. The rest of the circuit is not repeated. 

When the keying switch is depressed (and assuming 
for the time being that no other switch has been de- 
pressed) REI is energized through the normally closed 
contacts of REI7 and RE20. RE] is held in by its own 
retaining contact and the normally closed contact of 
RE18 so that the keying information is retained until 
the package enters the light beam. When the package 
does enter the light beam, the photo-cell relay RE20 
is energized. The pin-setting solenoid is thus ener- 
gized to enter information onto the Synchrotimer 
through contacts of RE], RE20, and RE30. (RE30, the 
anti-jam relay, is energized at all times unless one of 
the anti-jam switches is open.) 

Relay RE20 keeps REI energized through a normally 
open contact so that information is entered as long as 
the package is in the light beam. Relay RE20 also 
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energizes RE19, which in turn energizes the drop-out re- 
lay, RE18. Relay RE18 opens a parallel circuit to REI’s 
retaining contact so that RE] drops out as soon as the 
trailing edge of the package leaves the light beam and 
RE20 is de-energized. RE19 is used in this circuit to give 
a slight time delay between the actions of RE20 and RE18 
so that RE20’s contact has a chance to drop out before 
RE18 picks up. 

One normally open contact of REI acts to energize the 
pick-up relay, RE17. As soon as the key is released, the 
hold-in relay RE2I is energized through RE17, provided 
of course, that no other key is depressed. If a key is 
pressed and REI7 is already energized because another 
package is in the light beam, REI] is not energized but 
the switch-holding solenoid is energized through the 
normally open contact of RE2]. The key is then held in 
until the preceding package clears the light beam and 
REI7 and RE20 are de-energized to complete the circuit 
and energize REI]. Relay RE22 provides an interlock 
to de-energize RE2] as soon as REI7 is de-energized. 

Anti-Jam Features. When one of the separation 
branches becomes full, or if a package jams in one of 
them, a set of feelers under the conveyor operates an 
anti-jam circuit so that no other packages can be sorted 
to that branch until the jam is cleared. Such packages 
are automatically recirculated. The anti-jam circuits also 
ring a bell as an alarm and flash a numbered light over 
the conveyor to indicate which branch is filled. © O O 


ELECTRICAL MANUFACTURING 





2.2. made more useful 
by MACALLEN 


Mica’s inhefently high dielectric strength is made available in the widest 
variety of shapes, sizes, and thicknesses by MACALLEN. This complete 
selection is a logical result of MACALLEN’s more than 60 years of 
close cooperation with the electrical industry . . . helping in the solution 
of insulation problems of every type. You'll find the best, most economi- 
cal solution to your insulating problem in our Catalog 25. Send for 


~~ MACARLEM 
MUGA 


e ALL FORMS e ALL QUANTITIES 
e ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Blvd. 
CLEVELAND: 1231 Superior Ave. 
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Guide to Buying 


MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 





Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 





ADHESIVES 

Durez Plastics Div. 
Corp., 1308 Walck Rd., 
ee 

Houghton Laboratories. Inc.. Olean. N. Y. 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. II! 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 


ALUMINUM. 


minum Co. 
Pittsburgh 19, 
Ameriean Brass Co., 
Cochran Foil Corp., 
Reynolds Metals Co. 
Louisville 1, Ky. 


AMMETERS. See Instruments. 


AMPLIFIERS, ELECTRONIC 
General Electric Co., Apparatus Sales Div.. 


1378 =Main 


Hooker Chemical 
N. Tonawanda, 


See also Castings. 
of aS Alcoa Bidg.. 


ow. aterbury 20. Conn. 
Louisville 16, Ky 
. P.O. Box 1800-ED, 


Ave.. 


N. > 
Librascope, Inc., 40 E, Verdugo, Burbank, 
lif 


Magnetic Amplifiers, Inc., 632 Tinton Ave.. 
New York 55. N. Y. 


Nothelfer Winding Laboratories, P i 
Box 455, Dept. EM-8, Trenton 3, N 
Sanborn 


175 Wyman, 

88. 
Servospeed Co., Div 
Inc.. 4 Godwin Ave., 


United a a Co.. 150 Varick, "ho 


13 

Vickers Electric Div., Vickers, 1803 

ust. St. Louis 3. Mo. 

Westinghouse atthe Corp., Gateway Cen- 
ter, soe LC 401 Liberty Ave., 
Pittsburgh 30. 

Weston Electrical Instrument Corp., A sub. 

aystrom. Inc.. 614 Frelinghuysen 

Newark N. J. 


Co., Waltham st. 
of Electro- Devices. 
Paterson 1, 


Inc., 


Ave... 


ANODES, PLATING 


American Brass Co., 
se Brass & Coppe 
necott Copper Corp.. 
Engelhard Industries. 
Platinum & Silver Div.. 
road Ave.. Newark 5. 
Generel Plate Div.. 
Corp.. 1908 Forest. 
(Silver, Gold) 


Waterbury 20. Conn. 
r Co.. Sub. of Ken- 
Waterbury 20, Conn. 
ne., American 
231 N. J. Rail- 


Metals and Controls 
Attleboro, Mass 


82 Fulton. New York 
N. (Silver. Gold) 
Hussey & Co.. C. G., Pittsburgh 19. Pa. 


ASBESTOS b SLeEveNe. See Sleeving and 
Tape, Asbes 


AUTOMATION EQUIPMENT 
Stromberg-Carlson, A 
Dynamics Corp., 
Rochester 3, N. Y. 


BALANCING MACHINES 

General Electric Co., Apparatus Sales Div., 
Schenectady 5. N. Y. 

Westinghouse Electric Corp., Gat 
ter, Bldg. No. 8, 
Pittsburgh 30, Pa. 


of General 


Div. 
117 Carlson Rd.. 


ateway Cen- 
401 Liberty Ave., 


BALLS, BEARING 
Hoover Ball & Bearing Co., 326 E. Hoover, 


mn Arbor, Mich. 
SKF Industries, Ine., Philadelphia 82. Pa. 


BATTERIES, DRY 


a & Co., Inc., P. R., Indianapolis 


c.. A Div. of 
30 E. 42nd, 


a Corp. of 


Ind 
N stone!’ 


New Y 
RCA Electron Tube Div. 
America, Harrison, N. 


BATTERY ELIMINATORS. See Power 
Supply Units: Rectifiers. 


BEARINGS, BALL (Miniature) 
Miniature Precision Bearings, 611 
Precision Park, Keene, N. 
New Departure Div. of General Motors 

Corp.. Bristol, Conn. 
New Hampshire Ball Bearings. Inc., Peter- 
borough, N. H. 
cae States Gasket Co., Plastics Div. 
eo Garlock Packing Co., Camden 1, 


Inc., 
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BEARINGS, BALL and ROLLER 
(Radial and Thrust) 
Hoover Ball & Bearing Co., 
Ann Arbor, Mich 
New Departure Div. 
Corp., Bristol, Conn. 
Nice Ball Bearing Co.. 30th & Hunting 

Park Ave., Philadelphia 40, Pa 
SKF Industries, Inc., Philadelphia 32, Pa. 


326 E. Hoover, 


of General Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Amplex Div., Chrysler Corp.. Detroit 31. 
9540 Tulley Ave., Oak 
1621 Holland, 


Radio Cores, Inc., 
Lawn, Ill. 

United States Graphite Co.. 
Saginaw 8. 

BEARINGS and BUSHINGS, METAL 

(Brass, Bronze, Steel, ete.) 


Amplex Div.. Chrysler Corp., Detroit, 
Mi 


Toledo 1, 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., ‘Waterbury 20, 


S. &.. 
1621 Holland, 


Bunting ‘Brass and Bronze Co., 
Ohio 


Conn 
Mallory & Co., Indianapolis 
6. Ind 
United States Graphite Co., 
ch. 


Saginaw 8. ) 


Inc., 


BEARINGS and BUSHINGS, 
NON-METALLIC 


General Electric Co., Plastics Dept.. 
eatur. II. 


National Carbon Co., Inc., A Div. of Union 
Carbide Corp.. 30 E. 42nd, New York 


Wilming- 
Oak 


De- 


National Vulcanized Fibre Co., 


ton 

Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, I 

Spaulding Fibre Co., Inc., Tonawanda, 

Westinghouse Electric Corp.. Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 


Pittsburgh 30, Pa 


BELLS 

Stromberg-Carlson, A Div 
Dynamic Corp., 117 Carlson Rd., 
Rochester 8. N. Y. 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 


BELT DRIVES. See Drives, Belt 
BERYLLIUM COPPER (Rod, Strip. Tube, 
Wire) 


of General 


M ie & Co., 


n 
sag Alloy Metal Div. 
Inc., Riverside, N 


P. R., Indianapolis 
aa K. Porter 


Inc., 


BIMETALS. See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 

BLADES, FAN 

Torrington Manufacturing Co., 
Conn 

BLOCKS, PILLOW 

New Dep es Div. of General 
Bristol, Con 

SKF Industries, Philadelphia 32. 


BLOCKS, TERMINAL. See Strips, 
and Boards, Terminal. 


Torrington, 


Motors, 
Pa. 
Blocks 


Inc., 


BLOWERS. See Fans and Blowers. 
BOLTS. See Fasteners. 


BOXES, METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, MAGNETIC 


sane Inc., Box 812, Rt. 1, Floris- 
san 

Dings "Brakes, Inc., 4718 W. Electric Ave., 
Milwaukee 46, Wis. 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, is 

Eaton Mfg. Co., Dynamatic pi. 3307 
Fourteenth Ave.. Kenosha, 

Stearns —e Corp. » 120 N. ‘Broadway, 


Electric Brake 4 Clutch Co., 
EM, Beloit. Wis 


Warner 
Dept. 


BRASS, BRONZE and COPPER (Ali 
Commercial Forms). For Wire, see Wire 
and Cable, Bare. 

American Brass Co., Waterbury 20, Conn 
(Also Tobin Bronze, Chromium Cooper 
and Selenium opper Alloys) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20. Conn 

Driver Co., Wilbur B.. _ McCarter 
Highway, Newark 4, N 

Hussey & Co., C a , Piitsbur 19, Pa. 

Iisco Corp.. Dep’ 47 Madison 
ae Cincinnatt or, Fonte 


30 
(Copper Tub- 
Phe Dodge Copper Products Corp., 300 
Park Ave., New York 2 
Somers Brass Co.. Inc., 110" Baidwin Ave., 
Waterbury, Conn. (Strip 


BRAZING ALLOYS, SILVER 

Chase Brass & Copper Co., 
necott Copper Corp., 

Plate Div. 

, 1908 Forest, 

y_ & Harman, 82 


38. N. ¥ 
Mallory & Co., 
6, Ind. 


Sub. of Ken- 
Waterbury 20, Conn. 
Metals and Controls 
Attleboro, Mass 

Fulton, New York 


General 


Inc., P. R., Indianapolis 


BRONZE. See Brass 
Phosphor Bronze. 


Bronze and Copper 


BRUSH CAPS 

Midwest Molding & Mfg 
Dr., Gurnee 96 ll 

Phoenix Electric Mfg. Co.. 
Chicago 24, Ill. 


BRUSHES: canner. GRAPHITE. 
METAL-GRAPHIT 

National Carbon “> 
Union Carbide Corp., 30 E, 42nd, New 
York 17, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Gr —_— Co., 1621 Holland, 
Saginaw 8, Mich 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 


123 Rotary 
Lake, 


Co., 


4211 W. 


Inc., A’ Div. of 


BRUSH HOLDERS. See Holders, 
Commutator Brush. 


BUSHINGS 
Bearings. See Rearings and Bushings. 
Composition. See Plastics Molders. 
Fibre. See Fibre, Vulcanized. 
Glass. See Glass, Technical. 
Hermetic Seals. See Seals and Term- 
a 
Mica. See Mi 
Porcelain. See Ceramics. 
Rubber, See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire. 


CAMBRIC, 
Insulating. 


VARNISHED. See Fabrics, 


CAPACITORS 

AMP os mepereion, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

Allen-Bradley Co., 8. Second, Mil- 

Ww 


waukee 4, is. 
Centralab, Div. of Globe-Union. 
962H E. Keefe Ave., Milwaukee 1, Wis 
Corp., Electronics | Div., 


~ a 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill. (Tantalum) 

Film Capacitors, ty $405 Park Ave., 
New York 56, 

General Electric ce. Apparatus Sales Div., 
Schenectady 

Jennings Radio ee Corp.. 970 
McLaughlin Ave., P.O. Box 1278, San 


Jose 8, Calif. 
Johnsen Co., 2331 Second Ave., 
P. R., Indianapolis 


.. Waseca, Minn 
Maliory & Ce., Inc., 

3613 Howard, 

Cam- 


Inc... 


Ohmite Manufacturing Co., 
Skokie, Ill. (Tantalum) 

Radio Ne aed Co., Controls Div., 
den 8, N. J. 


Sangamo ag he Re ee Compo- 
nents Div pringfie! 

Sprague Electric Co., 307 Marshall. North 
os pA Co., St. Marys, Pa. 

Stackpole Car' Ss 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


(Contacts, 
Dises, 
Seals, 


CARBON 
Electrodes 
Piles, Plates, 
ete.) 

Erie Resistor Corp., Electronics Div., Erie 


General Ceramics Corp.. Keasbey, N. J. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 
Holland, Saginaw, Mich. 


and GRAPHITE: 
Anod Bearings, 
Plungers, Rings, 
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cAsTines. ALUMINUM and 
AGNESIUM, See also Castings, Die. 
Pe mse Co. of America, Alcoa Bidg.. 
Pittsburgh 19, Pa. 


CASTINGS, DIE 


Aluminum Co. of America, Alcoa Bldg.. 
Pittsburgh 19, Pa. 
Doehler-Jarvis pi. of National Lead Co., 
lo 0 
Repredwoer Cerp., 149 Beechwood 
. New Rochelle, N. Y. (Zine) 
Hoover Co., Die Casting Div., North 
Canton, Ohio 
Madison- —~ Corp., 214 Waubesa. Madi- 
son 10, Wis 
Merkle-Korff Gear Co., 211 N. Morgan 
Chicago 7, Ill 
New Jersey Zine Co., 160 Front, New 
ei k 38, N. Y. (Zine Die Casting Al- 
joys) 


CASTINGS INVESTMENT 

International Nickel Co.. Inc., 67 Wall, 
New York 5, N. Y (Nickel and Nickel 

Alloys) 

Tubes. 


CATHODE RAY TUBES. See 


Cathode Ray 


CEMENT, INSULATING and SEALING 


du Pont de Nemours & Co., (Ine.), E. I.. 
Plastics Div., Polychemicals Dept.. Wil- 


mington 98, ls 

Durez Plastics Div. Hooker Chemical 
Corp., 1308 Walck Rd., N. Tonawanda, 
ny. © 

General Electric Co., Dept. 
Decatur, Il. 

Johns-Manville. Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. TIl. 
Sauereisen Cements Co., Bes 15, Pa. 
Zophar Mills, Inc., 112-130 26th, Brook- 

lyn 32, N. Y. 


Plastics 


CERAMICS 

Standard & Special poeatent 
Porcelain (low-volt 

Refractory Porcelain 
High-voltage Porcelain 
Cordierite 
Zircon Porcelain 
Steatite (Lava) 
Titanates 
Cement- Asbestos 
Ferrites 
Alumina 


Akron Porcelain Co., 
Akron 14, Ohio (AB) 
American Lava Corp., Chattanooga 5, Tenn. 
(CDEFG) 
Div. of 


Centralab, 
962H E. Keefe Ave., 


3000 Corry Ave., 


Globe-Union, 
Milwaukee 1, 
(EF) 


Coors Porcelain Co., 642 Ninth, Golden, 
Cal 
Corp., Keasbey, N. J. 


Inc., 
Wis. 


General Ceramics 
(BEFI) 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Gilets Bonded Mica) 

Rostone Corp. 2405 S. Concord Rd., Lafa- 


yette, Ind 
6060 Rivard, Detroit 11, 


Square D Co., 
(A 
Marys, Pa. (1) 


Mich 
Stackpole C arben Co., St. 

34 Muirhead Ave., 
F) 
122 Lincoln, Sun 


Star Porcelain Co., 
Trenton 9, N B 

Wisconsin Porcelain Co., 
Praire, Wis. (ABF) 


CHAMBERS, TEST 


Blue M Electric Co., 138th and Chatham, 
Blue Island, Ill 


Cincinnati Sub-Zero Products, 3930 W. 8 
Reading Road, Cincinnati 28, Ohio 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 


114 8. 


CHOPPERS, ELECTRONIC 

Airpax Products Co., Ft. Lauderdale, Fila, 

Oak Mfg. Co., 1260 Clybourn Ave., 
Chicago 10, Ill, 


CIRCUIT BREAKERS 


Airpax Products Co., Ft. 

Allen- wr ta ae 1316 S, Second, Mil- 
waukee 4. Wis, 

Crouse-Hinds Co., Syracuse m. 

Cutler-Hammer, Inc., 1264 Bt! Paul Ave., 
Milwaukee 1, Wis. 

E-T-A Products Co. of America, 5085 N. 
Elston_Ave., Chicago 50, LiL 

General Biectrie Co,, Apparatus Sales Div., 


Schenectad Ze 
ecirie Co., 99 Plum, Tren- 


Heinemann 
ton f 

Spencer Div., Metals & Controls Corp., 
3608 Forest, Attleboro, 

= D ee: 4041 N. Richards, Milwau- 
ee 


Lauderdale, Fla. 
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can help you score more hits 


on your 


biggest target 


for 


A 


cost reduction 


NO “FAVORITE” FASTENERS 

Continental Assembly Specialists are unbiased 
toward any particular types . . . Continental 
makes all types. The fastener they recommend 
for your job is the one proved best by careful 
cost analysis. 


MORE STANDARDS IN STOCK 
Continental can supply any recognized standard 
type, style or size. Also, many fasteners ordi- 
narily considered “specials” are available among 
the millions of screws constantly in stock to 
meet needs of Continental customers. 


MORE “SPECIAL” EXPERIENCE 

Continental is known throughout industry as the 
“specialist in specials,’ — leads in production of 
special designs. Continental is also your supply 
source for special-purpose fasteners, such as 





Assembly accounts for up to 80% of the total cost of 
production. For most manufacturers, it is the biggest 
target for cost reduction. 


If you are missing out on savings you could be making, 


HOLTITE NyLOK Self-locking Screws. 

MORE “SPECIAL” 

PRODUCTION FACILITIES 

With Continental’s modern, precision controlled 
equipment, many special shaped screws for- 


merly machined from bar stock can be produced 
faster, at lower cost — with higher tensile 
strength and excellent surface quality. 


why not get the expert assistance of Continental Assem- 
bly Specialists? 


You'll find them ready and able to analyze your fastening 


operations and offer practical cost-saving ideas. They'll eens 
show you why assembly-men everywhere agree, “You penwe RESEARCH ASSOCIATION 





- 


can count on Continental.” Write or phone: Continental aa -> 
Screw Co., 455 Mt. Pleasant St., New Bedford, Mass. 


CONTINENTAL , 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS RX a 


} HOLTITE PHILLIPS 
AND SLOTTED HEAD 


/ WOOD + MACHINE * TAPPING 
THREAD FORMING * 
SEMS * NYLOK 


HY-PRO PHILLIPS 
INSERT BITS AND HOLDERS 


»> 


i 


* 


Comat 
eeeerereeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene eeeeeeee eee eeeeeeeeet 


I~ 


HY-PRO TOOL COMPANY... DIVISION 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 
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WESTON INSTRUMENTS: STANDARDS OF 
STABILITY IN SCIENCE AND INDUSTRY 


fpugh. of 


xg 


WESTON’S BROAD LINE OF 
RUGGEDIZED INSTRUMENTS 
WILL TAKE THEM IN STRIDE 


Mechanisms are mounted on metal decks. The 
decks and terminals are then molded into a specially 
compounded, shock-resistant rubber. This results in 
a well-insulated, leakproof, and virtually breakproof 
seal. Damage from impact to jewels and pivots is 
eliminated through spring-backed mounting. Tough 
plastic windows make the use of zero correctors prac- 
tical. The entire mechanism is housed in a rigid steel 
case which provides excellent shielding against exter- 
nal magnetic fields. The instruments may be mounted 
interchangeably on either magnetic or non-magnetic 
panels without loss of accuracy. 

Consult your local Weston representative for com- 
plete details . . . or write for Catalog A-38. Address: 
Weston Instruments, Division of Daystrom, Inc., 
Newark 12, N. J. In Canada: Daystrom Ltd., 840 
Caledonia Rd., Toronto 10, Ont. Export: Daystrom 
Int’l., 100 Empire St., Newark 12, N. J. 


Jake Atlee Ce Creston 
corcesccallly GSE. (prTtiygbe service. $ 
WESTON 
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Westinghouse Electric Corp., 

Bldg. No. 3, 1 
Pittsburgh 22, Pa. 
CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


Gateway Cen- 
Liberty A 


CIRCUITS, ETCHED, PRINTED, ETC. 


American Lava Corp., Chattanooga 5, Tenn, 

Centralab. Div. of Globe-Union, Inc., 
962H E. Keefe Ave., Milwaukee 1, Wis. 

Daven Co., 586 W. Mt, Pleasant’ Ave., 
Route 10, Livingston, N. J. 

Erie memeter Corp., Electronics Div., 

ie, 

Mycalex Com. of America, Clifton Blvd., 
Clifton, N, J. 

Northern Plastics Corp., Second & Mar- 
ket, La Crosse 5, Wisc 

Photocircuits Corp.,’ Glen Cove, N. Y 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. a 

Sanders Associates, Inc., Nashua, N. H. 

Moregue Plectric Co., 307 Marshall, North 
Adams, Mass 

United States Gasket Co., Plastics Div. 
f je Garlock Packing Co., Camden 1 


CLAMPS and CLIPS, GROUND and 
TEST 


Burndy Corp., Norwalk, 


Omaton Div., 

Conn 

Iisco Corp., Dept. F-4, 4730 Madison Rd., 
Cincinnati 27 ° 

Mueller Electric Co., 1583 E, 3lst, Cleve- 
land 14, nio 

Sherman pectaring Co., H. B., Battle 
Creek, Mic 

Thomas & ‘Betts ~- Inc., 28 Butler, 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Syca- 
more 


Tl 
TA Mfg. Co., 4607 Alger, Los Angeles 


39, Calif 
Weckesser Co., 5256 N. Avondale Ave., 


Chicago 30, Ill. 
CLEANING COMPOUNDS, METAL 
Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y. 


CLIPS, SNAP. See Rings, 
Snap. 


CLOTH, INSULATING. 
sulating. 


Retainer and 


See Fabrics, In- 


CLOTH TRACING. See Tracing Cloth, 
Film and Paper. 


CLUTCHES, ELECTRIC 
eg Inc., Box 812, Rt, 1, 


sant, 
1264 St. Paul Ave., 


Cutler- Hammer, Ine., 
Milwaukee 1, Wis. 
Dings Brakes, Inc., 4713 W. Electric 
Ave., Milwaukee 46, Wis. 
Eaton Mfg. Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis. 
Fawick Airflex Div. Fawick Corp., 9919 
Clinton Rd., Cleveland 11, Ohio 
Radio Condensor Co., Controls Div., 
den 3, N. J. 
Stearns Electric Corp., 120 N. Broadway. 
. Wis. (Magnetic) 
Electric Div., Vickers, Inc., 1803 
ust, St. Louis 3, Mo. 
Warner Electric, Brake & Clutch Co. 
Dept. EM, Beloit, Wis. 


COAXIAL CAGLE. See Wire and Cable, 
Insulated 


Floris- 


Cam- 


COIL CORES and FORMS 
American Lava Corp., Chattanooga 5, 


Tenn. 
Cambridge Thermionic corp. 453 Concord 
Ave., Cambridge 38, 
Cleveland Container — 
Ave., Cleveland 2, 
Continental-Diamond Fibre, 
The Budd Co., Newark 13, 
Cosmo Plastics Co., 3239 W. 
land io 

Ferroxcube Corp. of America, 
Bridge, Saugerties, N. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Mycalex | Corp. of America, Clifton Blvd., 

—s “Vulcanized Fibre Co., Wilming- 

Jel. 

Paramount Paper Tube Sw 612 Lafay- 
ette, Fort Wayne 2 

Radio Cores, Inc., 9540 "Pulley Ave., Oak 
Lawn, Ill 

Stackpole Carbon Co., St. 
(Screw -type, Molded Tron) 

United States Gasket Co., Plastics Div. of 
oe Packing Co., Camden 1, 


0301 Barberton 
A Sub. of 
14th; Cleve- 
50 68 


Marys, Pa 


COILS and WINDINGS 
Acme Wire Co., 1255 Dixwel) Ave., New 


Haven 14, 
—- Controls, Inc., 9959 Pacific Ave., 
2836 18th Ave., 


lin Park, 
Audio Development ‘Co., 
South Minneapolis 7, Minn. 

Caledonia Electronics & Transformer Corp.. 

Dept. EM-6, Caledonia, N. Y. 
Cambridge Thermionic Corp., 453 Concord 

Ave., Cambridge 38, Mass 
Comar Electric Co., 3349 W. Addison, 


Chicago 18, Il. 
Coto-Coil Co., Inc., 63 Pavilion Ave., 
Providence 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis, 


Winsted, 
Wabash, 


Electric Co., 93 Main 


Deluxe. Coils, Inc., 1300 First, 
Ind. 

Dormeyer Industries, 3424 Milwaukee Ave., 
Chicago 41, 

General Electric Co., 
) 


eee 


Apparatus Sales 


“149 Beechwood 


Ilsco Corp. , Dept. Yr vt Nise “Madison Ra., 

Nothelfer 
Zox 455, De 

RCA Electron Tube Div., 
America, Harrison, N. J. 

Standard Electrical Products Co., 
Third, Dayton 8, Ohio 

Ther Electric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Ill. 


Laboratories, . 
£M-8, Trenton 3, N. J 
Radio Corp. of 


2240 E. 


COIL WINDING MACHINES 
“oo Manufacturing Co., Inc., Danbury, 


Fort Wayne Tool, Die & mysiocering Ce., 
1025 Goshen Rd., “Fort Wayne, Ind. 
mt Bienofecturing Co., Inc., George 
6022 N. Rogers Ave., Chicago 30, in 
Universal Winding Coe., P. O. Box 1605, 
Providence I, 


COLD HEADED PARTS. See Fasteners. 


COMMUTATORS 
mestee Tec Corp., South Hackensack, 
J. 


Kirkwood Commutator Corp., 4855 W. 
130th, Cleveland 11, Ohio 

Midwest Molding & Mie. Co., 123 Rotary 
Dr., Gurnee nh, 5 

Nippert Electric ‘Products Co., 1759 W. 
Mound, Columbus 23, Ohi 

Toledo Commutator Co., South Chestnut, 
coe Be ‘ Co Gateway Cen 

Westin de. ectric Corp., Ga - 
ter, No. 3, 401 Liberty Ave., 
PF 22, Pa, 


COMMUTATOR SAWS and SLOTTERS 


Holub Industries, Inc., 445 Elm, Syca- 
more. 1. 


COMPARATORS, OPTICAL 
Bausch & Lomb ution Oe.. S4717 St. 
1, Rochester 2, N. Y. 
Onto Metric Tools, Inc., 137EM Varick. 
New York 13, N. ¥. 


COMPOUNDS, SEALING. See e Cement. 
Insulating and Sealing; also Waxes and 


Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 
Airpes Products Co., Fort Lauderdale. 


Erle “Electro-Mechanteal, Div., Erie Resis- 


tor Corp. Erie 6, 
Instruments Incorporated. 6000 


Texas 
Lemmon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors. 


CONDUIT FITTINGS 

Buchanan erie Products Corp., 
Route 22. Hillsi N. J. 

Crouse-Hinds Co., Soensans 1, Y. 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 50, Ill. 


CONNECTORS, WIRE and CABLE 

AMP Incorporated, 5284 Eisenhower Bivd.. 
Harrisburg, Pa. 

American Brass Co., Waterbury 20, Con 

a. Electronics Corp., 1830 8. Bath 

Chicago 

Dabesen os a Products, 225 Route 
22, Hillside, N. J. 

Burndy Corp., Omaton Div., 


Can Electric Co., Dept. oe, 3209 

Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse Re a 

General Electric Co., Construction “Ma- 
terials Div., Bridgeport 2. Conn. 

Holub Industries, Inc., 445 Ein. ” Syca- 
more, Ill, 

Hubbell, Inc., Harvey, Bridgepert 3, Conn. 

tinge Corp., Dept. F-4. 4730 Madison 

Cincinnati 27, 0. 
Johns: Manville Dutch Brand Products, 
800 Woodlawn Ave. ; Chicago 19, Ml. 

BF Co., E. . 2381 Second Are., 
S. W., Waseca, Minn, 
Krueger & Hudepohl, 1048 Evans, Cin- 
cinnati 4. Ohio. 

Mic ne., 220 Pasadena Ave., So. 
Pasadena, Calif. 

Sherman Manufacturing Co. H. B., 
Battle Creek, 

5539 N. 


Switchcraft, Inc., 
Chicago 30, Ill. 
Betts Co., Inc., 
Elizabeth 1. N. J. 


Norwalk, 


Biston Ave., 
homas & 28 Butler, 


CONTACTORS, MAGNETIC. See Relays 
and Contactors, 


CONTACTS and CONTACT POINTS 
ee | Co., C. S.. 318 Washington, Mt. 
Deringer “Metallurgical Corp., 8111 Monti- 


cello Ave., 
Engelhard industries, Inc., Baker Contact 


Diy., 207 Grant Ave., East Newark, 
Starvioon P.0O., N. J 
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OBTAIN IDEAL ELECTRICAL PROPERTIES PLUS 
UNMATCHED TEMPERATURE RATINGS WITH 


we 
EX TEFLON INSULATED WIRES & 


(To Mil-W-16878 specifications) 


Manufactured to the highest standards of the industry, Rex Teflon Wires and Cables are recommended 
for high temperature applications to 200°C; and low temperatures to 65°C. In addition, Rex Teflon 
Wires have low surface friction to resist chafing, abrasion and fraying. High chemical stability prevents 
corrosion due to atmospheric conditions, chemicals, lubricants and weather. The dielectric constant and 
dissipation factors are excellent and change far less than any other insulation over wide ranges of 
temperature and frequency. Use of Rex Teflon Insulated Wire and Cable assures you of unequalled 
performance — a new standard of excellence. 


CIALTY Rex also manufactures a complete line of wire 


bie to and cable for every requirement with wire warehouses 


CABLING iS bs tly The centrally located for prompt service. 
+1 


iqn and Cc? 
Complete des coda prob! Write for technical literature on all Rex 
handle all ca as the Wires and Cables, and other products, in- 
Rex reputation cluding Rexolite UH insulating materials. 


factur 
and manu ts *Tefion registered t.m. E. |. duPont de Nemours 





| 
Rex THE Rex CORPORATION 
100 HAYWARD ROAD, WEST ACTON, MASS. 
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Now available in reprint form | $1.00 per copy): 


SLIDE RULE MATHEMATICS 


—+»> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! 








copies of 











“SLIDE RULE MATHEMATICS” offers a practical guide to the under- 
standing of the slide rule and its application to engineering problems. This 
article is the work of Ira Ritow, engineer-teacher and author of the pop- 
ular “Capsule Calculus.” It traces the logical development of the slide 
rule’s fundamentals and gives complete, concise instructions for its use. 
Contains over 50 two-color illustrated examples of step-by-step slide 
rule settings. 


Major topics include: 


for which please send me .......... 


@ Uses of the Basic Side Rule @ Variations on Basic C-D Operation 
@ Trigonometry @ The Log-Log Scales @ Phasor Calculations 
@ Vector Diagrams e The Circular Slide Rule. 


The 20-page reprint, plus 4 practice slide rules printed on heavy stock for 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy price is 90 cents; for 
25 or more copies, 75 cents each. Add 3 per cent sales tax for New York 
City delivery. The quoted prices include shipping charges. 


Spneiess ©..... 050%. 


1250 Sixth Ave., New York 20, N. Y. 
“SLIDE RULE MATHEMATICS.” 


READER SERVICE DEPARTMENT 
THE GAGE PUBLISHING COMPANY 


Reprinted from March-April 1958 issues of ELECTRICAL MANUFACTURING. 
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COMPANY 
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With unique reset spring feature 


A NEW Clutch Motor Reset Timer with reset spring at- 
tached to time set mechanism that provides correct amount 


of tension over 


entire dial range—thus contributing to 


longer spring and motor life. Energize to start — de- energize 
to reset. Resets on power interruption. 


0-4 Sec. 


TIME CYCLES AVAILABLE 
0-15 Sec. 0-60 Sec. 


0-180 Sec. 0-300 Sec. 


Write for complete descriptive Bulletin 1610. 
Address Dept. EM-858. 
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PHASE 
VA So 


PRICE 


$34950 


F.O.B. 
NEW YORK 


HIGH ACCURACY 

MEASURES FROM O TO 360 DEGREES 

READINGS NOT AFFECTED BY NOISE AND 
HARMONICS 


PHASE SHIFTS OF THE ORDER OF .01° CAN 
BE MEASURED EMPLOYING SPECIAL CIRCUIT 
TECHNIQUES 


MEASURES IN-PHASE AND QUADRATURE 
COMPONENTS SEPARATELY 


For further information contact your nearest 
representative or write for brochure 


Her STRIAL TEST EQUIPMENT CO 


th ST NEW YORK 3 GR. 3-4684 
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Fanstee] Metallurgical Corp., North Chi- 
cago, 

General Plate Div., Metals ant Controls 
Corp., 1908 Forest, Attlebor Mass. 
Gibson Electric Co., Old Wm. "Kenn High- 

way, Delmont, Pa. 
a Co., Inc., P, R., Indianapolis 
.. Ind. 
Stackpole Carbon Co., St. Marys, Pa. 

L.. Dept. D.. 


$8 
Ulan Co., George, 420 Market, Newark. 


oper aes. CARBON. See Carbon and 
Graph 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J. 


CONTAINERS, PACKAGING and 
SHIPPING 


Mason Box Co., Dept. Bl, Attleboro Falls. 
Mass. 


CONTOUR PROJECTORS 
Bausch & Lomb Optical Co., 84717 St. 
aul, Rocheste 
Opto- Metric woes, “Ine.. 18TEM Varick. 
New York 13, N. Y. 


CONTRACT MANUFACTURING 

Chase Brass & Copper Co., Sub. sf Ke 
necott Copper Corp., "Waterbury 20, 

Curtis Development & Mfg. Co.. 3266 N. 
33rd. Milwaukee 16, Wis. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, O 

Merkle-Korff Gear Co., 211 N. 

icago 7, Ml. 

Stromberg- Carlson, A Div. of 
Dynamics a 1434 N 
Rochester 21. = 


Morgan. 


General 
Goodman. 


” a aa Sales 
211 Bartholomew 
N. Richards, Mil- 
1803 


34 South, 


OONTROLLERS, MOTOR 
Allen-Bradley Co., 1316 S. Second. Mil- 
waukee 1, Wis. 
Arrow-Hart & Hegeman ‘eo Co., 103 
Hawthorne, Hartford 6. 
Automatic Switch a 50-M Hanover Rd.., 
Florham Park, N 
Clark Controller ~— 1146 E. 152nd, 
Cleveland 10, Ohio 
Crouse-Hinds Co., Syracuse 1, N. Y. 
Cutler-Hammer Ine., 1264 St. Paul Ave.. 
Milwaukee 1, 8 
— Products Laboratories Inc., 4501 
enswood Ave.. Chicago 40, Ill 
Fidelity Instrument Corp., 1000 E. Bound- 
ary Ave.. York, Pa. 
Furnas Electric Co., 1024 McKee, Batavia, 
General Electric Co., 
Div., Schenectady 5. 
Hart Meswtestering Co... 
Ave., Hartford 1. Conn 
4041 
Wis. 
Vickers Electric Div., Vickers Inc.. 
Locust, St. Louis 3, Mo 
Ward Leonard Electric Co., 
Mt. Vernon, N. Y. 


CONTROLLERS, POTENTIOMETER 
Weston Electrical Instrument Corp A 
a of Daystrom, Inc., 614 Frelinghuy- 
m Ave., Newark 5. N. J 
Wheeleo Instruments Div.. Barber-Colman 
Co., 1403 Rock, Rockford, Il. 
ConTeets. FLOAT and LIQUID 
L. See Switches. 


CONTROLS PRESSURE and TEMPER- 
ATURE. See also Relays, Switches, 
Thermostats. 

Allen-Bradley Co., 
waukee 4. Wis 

Barber-Colman Co., 


Bourns Laboratories. P. 0. Box 
Riverside, Calif. 
1264 St. 


Cutler- Hammer ase ; 
8 Hollywood Plaza. 


1316 8, Second, Mil- 


1803 Rock, Rockford 


2112 


Paul Ave.. 
Milwaukee 1, Wis 

G-V_ Controls. Ine., 
East Orange, } 

General Electric Co., 

v.. Schenectady 5, 

Hart Manufacturing Co.. 
Ave.. Hartford 1. Con 

4201 Setmone Ave.. 


Apparatus Sales 
. 211 Bartholomew 
Chi- 


Acro 


Mercoid Corp., 
eago 41, Ill. 
Robertshaw-Fulton Controls Co., 
Div.. Columbus 16. Ob 
Spencer Div., Metals & 
3608 Forest, Attleboro, 
Square D Co., 4041 N. 
12. Wis 


lo. 
Controls Corp., 
Mass 

Richards, Milwau- 


Instrument 
614 pach 
Pf 


ee 12. 3 
Weston Electrical 
sub, of Daystrom Inc., 
sen Ave.. Newark 5, N. 
Wheelco Instruments Div.. Barber-Colman 

Co., 1403 Rock. Rockford, Ill. 
White-Rodgers, St. Louis 6, Mo 
Wiegand Co... Edwin L. 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 


CONTROLS. REMOTE. See Push Button 
Stations; Relays and Contactors: 


Switches. 
CONTROLS, SERVO. See Servemecha- 
nisms. 
COPPER. See Brass. Brenze and Copper. 


COPPER, BERYLLIUM. See Beryllium 
Copper. 


CORD and TWINE, ARMATURE and 
CcoIL 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6. Iii. 
Varflex Corp., 504 W. Court. Rome. N. Y. 


Wotastewe Electric oP Gateway 
Cen ldg. No. 3, 401 Liberty Ave., 


Pittsburgh 22, Pa. 


CORD, INSULATED. See 
Cable, Insulated. 


Wire and 


CORD, r hong tk age LINE. See Resist- 
ance Line Cord 


CORD SETS 


Belden Manufacturing Co., 
Buren, Chicago 44, IIL 

Circle F Mfg. Co., Trenton 4, J. 

a 4 Wire Co., Inc., 50 Church, New 


es Wire Corp., 121 
1 
Electric Co., ae agg Mate- 
Div., Bridgeport 2, 
Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. 
Royal Electric Corp.. Pawtucket, R. I. 
Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


4633 W. Van 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Preducts. 


CORES, REFRACTORY. 


CORES, TRANSFORMER 
Acme Electric Corp., 356 Water, 
NY 


Lava 


See Ceramics. 


Cuba 


Corp., Chattanooga 5, 


Arnold Engineering Co.. Marengo, Ill. 
General Ceramics Corp., Keasby, N 
Indiana Steel Products Co., Valparaiso, 


nd 
Magnetic Metals Co., Hayes Ave. at 21st, 
Camden 1, N. 
Magnetics, Inc., Box 391 Butler, Pa. 
Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, y 
Stackpole Carbon Co., St 
Thomas & Skinner., Inc. 1 
Indianapolis 7. Ind. 
Westinghouse LElectric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Marys 


.. Pe. 
114 E. 23rd. 


COUNTERS. See also Instruments, Elec- 


tronic; Relays. 


=< wef Div. of Beckman 
Ine 2200 Wright Ave., 
Calif 

—_ Manufacturing Co., 


Eagle "Signal Corp. 202 20th, Moline, TIl. 
Kellogg Switchboard and Supply Co., 
6650 8S. Cicero Ave., Chicago 38, 1 
Production Instruments, Div. of General 
Controls Co., 8074 MrCormick Bivd., 
Skokie, Ill 
Veeder-Root, Inc., 


Instruments, 
Richmond 3, 


Inc., Danbury, 


Hartford 2, Conn. 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 
Eaton Mfz Co. .Dynamatic on 3307 
Fourteenth Ave.. Kenosha 


Lovejoy Flexible Coupling co. 
Lake, Chicago 44, Ill. 


1 02 w 


Semi 


CRYSTAL DIODES. See Rectifiers 
Crystal 


conductor ; Transistors and 
Diodes. 


CRYSTALS, QUARTZ 


RCA Electron Tube Div.. Radio 
of America, Harrison, N. J 


Corp 


CUTTING TOOLS 
a a Tools, Inc., A div. of X-Acto, 
48-41L Van Dam, Long Island 

city i, Bs S. 
Compo- 


DELAY LINES. See Computer 


nents 
DIAL LIGHT ASSEMBLIES. Sce Lights 
Pilot and Indicator. 


DIALS and PANELS 


Helipot Corp., Div. of Beckman 
ments, Inc.. P.O. Box 458, 
Beach, Calif. 


Tnstru 
Newport 


DIE CASTINGS. See Castings, Die 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 


DIE-SETTING TOOLS 
Walee Puiontt Co., 222 Buell Rd., Akron, 


DIES, PRECISION, LAMINATION ETC. 
Cleveland Tool and Die Co., 1620 Eddy 
. Cleveland 12, Ohio 
& Co., Inc., Wm. P., 424 St. 
, Rochester, N. Y. 
Sylvania Electric 1740 
Broadway. New 
DIODES. See Rectifiers, ’ Semiconductor ; 
Transistors and Crystal Diodes 
me At: A  - ered and 
MATERIA 
Filmsort = aD River, N. Y 
Keuffel & Esser 2. Hoboken, N. J. 


. A Div. General Aniline & 
Film Corp., heme City, N.Y. 
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YOUR 
PRODUCT 
DESERVES 
THE 
BEST. 


NEW 
Unbreakable 





Circle 288 on page 


20 TO 200 D.P. 


YOUR PRINTS FOR QUOTATION 


Wire up your power supply cords with unbeatable, un- 
breakable PVC Royalok® interlocking caps and connectors. 
Here’s durability, strength, and safety never before 

obtainable with ordinary constructions. PVC Royalok will 
outperform and outlast them all. The one-piece, molded-in 
vinyl body looks right, feels right, works right. There’s no 
| troublesome fiber washer on the cap to work loose and fall 
| off in handling, in the package, or in use. PVC Royalok 
caps are back-wired . . . a big plus in safety for the users 
of your product. 
PVC IS BETTER — resists acid, oil, grease . . . stands up 
under toughest service conditions. Blades and contacts 
locked in solid vinyl. 


PVC IS FASTER TO WIRE — devices reach you with back- 

plates off and staked terminal screws backed out; your 

workers wire and assemble in minimum time. Clamp screws 
| also staked. 

WHY SETTLE FOR LESS THAN THE BEST? — Tell us your 

requirements for 2-, 3-, or 4-wire; 10 or 20 amp PVC 

Royalok caps and/or connectors. We'll quote . . . with 
SPURS @ HELICALS @ WORM AND WORM GEARS free sample for engineering analysis. 


STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @® RACKS @ INTERNALS @ ODD SHAPES ROVAL ELECTRIC CORPORATION 


an associate of International 
Telephone & Telegraph Corporation 
PAWTUCKET, RHODE ISLAND 


IN CALIFORNIA: 
ELECTRIC CORDS & SUPPLY CORP. 
413 E. 3rd ST., LOS ANGELES 13 




















— - a Also special adaptations for permanent mounting in your prod- 
1038 PARMELE ST. ROCKFORD, ILLINOIS uct ... or pre-assembled power supply cords with PVC Royalok 
SCA a MORONEY BN ROMER i ABR RARER on Royal quality portable cord. Ask for details. 
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low-cost 
snap-acting 


SWITCHES 


2 
give all these advantages 
© More actuator types 
than before available, including hinged-lever. 
®@ New step-design 
for better resistance to moisture and dust. 
® Sealing for splash-proof operation, when requested. 
® interchangeability with popular types 
of snap-acting appliance switches. 
®@ Quick-connect terminals 
for fast, secure electrical connections. 
© Two Unimax switch types, 
A and WL, supply any demand 
for new, modern automatic- 
equipment switches. 


Type A — 

the basic switch, 

button actuator. 

Type AL — 

with integral tanhestuater. 

Type AQ — with threaded sieeve 
for panel mounting. 

Type AJ — for panel mounting, with 
overtravel plunger. 

T AT — 

hinged-lever actuator 

for light operate force, 

long overtravel. 


250 v. a-c. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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oTarrine. REPRODUCTION 
MACHINES 

Ozalid, z vs of General Aniline & Film 
Corp., Johnson City, N. Y. 


DRIVES, ELECTRONIC, See also Speed 
Reducers and Drives 
Eaton Mfg. Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis. 
General Electric Co., a epneents Sales 
, Schenectady 5, N 
age & Engineering Co., 
278-A, Cleveland 17, Ohio 
Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson, N, >. 
Westinghouse Electric Corp., Gatew 
Center, Bldg, No. 3, 401 Liberty ave, 
Pittsburgh 30, Pa. 


DUCTS, WIRING (Contre! Panel) 
Socsldias Fibre Co., Inc., Tonawanda 


— 5 lectric, Inc., 15406 Dale, Detroit 
ch, 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears. 


DYNAMOMETERS 
Chatillon & Sone. John, 85 Cliff, New 


York 38, N, 

Eaton Mfg. Co., Dynamatie Div., 83vi 

Fourteenth Ave., Kenosha, Wis. 
poqeeetas Sales 


General Electric ‘Co., 
Div., Schenectady 5. N. . 

ra > Ohio 

Electric Corp., 


Robbins & Myers, Inc., 

Westinghouse teway 
Center, Bldg. No. 3, 401 Liberty” Ave., 
Pittsburgh 22, Pa, 


ELECTRICAL SHEETS. See Steel, Diec- 
trical. 


ELECTRONIC COMPONENTS. See spe- 
cific headings. 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Etc.) 

American Lava Corp., 
enn 


Chattanooga 5, 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms and Grades 


ENAMELS. See Lacquers, Enamel 
Paints and Varnishes, Finishing. 
EYELETS and GROMMETS 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 

United States Gasket Co., Plastics et 
of The Garlock Packing Co., Camden 
N. J 


FABRICS, INSULATING, (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 
Glass Fiber, Varnished Cambric, Cotton, 
Silk, Asbestos, ete. lso 
and Sheeting, Synthetic Resin, 
Tubing and Sleeving, Braided Fabric. 
Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 
Bentley, Harris Mfg. Co., 200 Barclay 
Conshohocken 2, Pa, 
Continental. re : Fibre, A Sub. of 
udd Newark 13, Del. 
Cottrell wy Co., Inc., 88 Purchase, Fall 
River, Mass. 
General Electric Oe. Laminated Products 
Dept., Coshoc Ohio 
Gudebrod Bros. Silk Ce., Inc., 12 8. 12th, 
Philadelphia 7, a. 
Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill 
Irvington Div., Minnesota Mining & 
Tg Co., 9 Argyle Terrace, 


rvington 11, N. J. 
Box 14, New York 16, 


Jobns- Manville, 

sda Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chieago 19, Ill. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6. Minn. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., BHlee- 
a Insulation Dept., Woodbridge, 


vais Corp., 504 W. Court, Rome, N. Y. 

Westinghouse. Electric Corp., Ga teway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FANS and BLOWERS 

Air-Marine Motors, Inc., Amityville, N. Y. 

Ashland Electric Products, Ine., 32-03 
Queens Bivd., Long Island City 1, 1 4 

Diehl Manufacturing Co., Electrical Dir. 
of The Si oe Manufacturing Co., Som- 
erville, 

Person Electric Mfg. Ce., St. Louis 21, 


Globe Industries, Inc., Dayton 4, Ohio 

4 ee Co., 685 Lawrenee, “Lew. 
e 

Lau ay A Co., 2027 Home Ave., Day- 


Robbins & oy Inc., Propeller Div., 


Springfield, 
Rotron Mfg. €o., Inc., Woodstock, N. Y. 
Torrington Manufacturing Co., Torring- 


ton, Conn. 
tg (Bolts and Nuts; Leck and 
a blies: Pins; Pre-assembled 
and Screws; R Head 
Gee Rivets; Screws; Washers.) 
Bolts and Nuts 
Maehine Bolts and Nuts (A) 


Stove Bolts (B) 
Self-Locking Nuts (C) 
er Metal Leck Spring Assembly Nuts 


(D) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

om Nuts (H) 

Cap Nuts (G) 

Spade Bolts (S) 

Welding Nuts ‘cea on) (N) 

Wing Nuts (W 


Aluminum Co. of America, 2241-H Alcoa 
Bldg., Pittsburgh 19, Pa. (4) 

Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y. (ABCDEFGS) 
Bristol Co., Socket Screw Div., Water- 

bury 20, Conn. (A 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
(ABCF) 
Continental Bedford, 
ass. (AB) 
lron Co., In 5224 Southern Ave., 
South Gate Calif, (AC) 
Elastic Stop Nut Corp. of America, Dept. 
R37-622, 2330 Vauxhall Rd., Union 
N. J. (ACDEN) 
Fischer Special Manufacturing Co., 446 
Morgan, Cincinnati 6, Ohio (AG) 
Gries Reproducer Corp., 149 Beechwood 
. New Rochelle, N. Y. Vv) 
in Corp., 1128 Hendricks Cause- 
way, Ridgefield Park, N. (E) 
Hassall, Inc., hem P. 0. Box 2225, West- 
ury, ) 
Keystone Bolt & Nut Corp. 
( 


127 Church. 
New York 7, N. Y. 


MacLean-Fogg Lock Nut Co., 5535 N. 
Wolcott, Chicago 40, Til. (C) 
Milford Rivet & Machine Co.. Milford 


Conn. (BF) 
National Co., Malden 48, Mass. (H) 
National Lock Co., Rockford, Ill. (A) 
Nutt-Shel, 811 Airway, Glendale, Calif 
(CG) 
Palnut Co., Sub. of United-Carr Fasten 
Corp., 66 Glen Rd., Mountainside, N. J. 


Parker-Kalon Div., General American 
my a Corp., Entin Rd., Clif- 


AB) 

Russell. Burdeall & Ward 7 ond Nut 
Co., Port Chester, N. Y. (ABF 

Thompson-Bremer & Co., Sub Amertens 
Machine & Foundry Co., 221 N. LaSalle. 
Chicago 1, Til. (C) 

Tinnerman Products, Inc., P. O. Box 6688. 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp, 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi- 
cago 22, Ill. (S) 


Screw Co... New 


Cambridge 


Lock and Snap Assemblies. ou en 
Shelf Support and Mounting, ete 


Camloc Fastener Corp., 22 Spring Valley 
Rd., Paramus, } 

Simmons Fastener Corp.. 1752 N. Broad- 
way, Albany 1, N. 


Pins — Cotter (F); Locking and Taper 
(G); Spiral Coll (M) 


Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N, Y. (FG) 

Chase Brass & Copper Co., 
necott Copper Corp., 
Conn. ) 

Elastic Stop Nut Corp. of America, peek. 
R37 -632, 2330 Vauxhall Rd., 


N. J 
Groov- Pin Corn. 1128 Hendricks Cause- 
way, Ridgefield Park, N. J. (G) 


Sub. of Ken- 
Waterbury 20, 


Pre-Assembled Washers and Screws 
Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y 
Continental Screw Co., New Bots. Mass. 
National Lock Co., Rockford. 4 
pson-Bremer & Co., Sub. ates 
Machine & Foundry Co., 520 N. Dear- 


Th. 
Fastener Corp., Cambridge 


Recessed Head Screws 
Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y, 
Bristol _Co.. Socket Screw Div., Waterbury 
20, Conn. 
Chase Brass & Sesows Go. Sub. A 4 
S Cooper Corp. ury Conn. 
Continen Screw Co., New Bedford 
Tool & Screw Corp., Beaters. Ti. 
>) Bolt & Nut Corp., 127 Church, 


ork 7, N. 

mafora Rivet & Machine Co., 
Nations! Lock Co., Rockford, IL 
Parker-Kalon Div.. General American 
Transportation Corp., Entin Rd., Clif- 
Russell, pBurdsall & Ward Bolt and Nut 

Co. ort Che: 
* 9701 Washington 


Sub American 
, 520 N, Dear- 


Milford 


born, Chicago 10, 


Rivets 
Aluminum Co, of America, 2241-H Alcoa 
Bidg., Pittsburgh 19, Pa, 
Chase Brass & Copper Co., Sub. 4 Kenne- 
., Waterbury Conn. 
Machine z* 048 8. 


Co., New Bedford, 
cal Corp., 8111 Mon- 
ticello Ave., je, Til. 


Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 


Mass. 
Deringer Metallu 
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Designers—Engineers: 


ADVAC TERMINALS 


-will solve your 
toughest hermetic seal 
problem with a wide 
margin of safety! 


ADVAC Hermetic Seals are 
produced under an exclusive 
process that provides a superior 
seal capable of withstanding 
gruelling environmental 
conditions. Advac terminals 
feature a metallized high grade 
alumina construction that 
provides a super-strength seal. 
Performance-proven in critical 
commercial and military applica- 
tions, ADVAC seals are available 
in standard types or custom 
designs for special requirements. 


> Immunity to Thermal Shock 

| Mille Lal di-soial- Ualiet- Wiehe a-dale naa! 

>» Maximum Voltage 65,000 V 

| ae \ok-Vehe-1e)(-an io) al =]a- b4iale Mm a 4-i hel lale Mel, 
ADVAC TERMINALS ARE PRODUCTS OF — 


ADVANCED VACUUM PRODUCTS: INC NEW BULLETIN — contains 


complete information and detailed 
430 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT - Phone: DAvis 4-2148 _ specifications on the ADVAC line. 


A Division of General Ceramics Corporation Address inquiries to Dept. MF. 
Circle 292 on page 17 








Titeltom MINIATURE 


VARIABLE SPEED DRIVES 


e Complete 
e Adaptable 
e Compact 


Better shape factor 
over wider frequency range 


v High speeds up 10 10,000 Get variable speeds from 1-5 | DAVEN’S NEW “EGG CRATE” LC FILTERS 


RPM on either shaft increase through 1-1, to 5-1 Center frequency: covers the range from 0.4 MC to 60.0 MC de- 
o¥ Small—to fit into your product decrease! Just move the pty ge —_ vata pees ae stability: 
: control fo desired ed 1.0 KC per rom -55°C to +105°C. Shape factor: 
: ane a ratios (calibrated te BWe0/BWe to 2.1. Shape factors can be modified for optimum 
. : tat . time delay. 
gear, push rod, thumb screw and the miniature variable 
or miter gear adjustment instantly produces the Daven’s new LC filters are ideal for shaping the pass band 


j of AM/FM or FM/FM data link receivers, double or single side 
o Output up to .025 HP speeds you need in your 
product! band receivers and generators, direction finding receivers, com- 


Write for Bulletin No. 99 munication and telemetering receivers, and spectrum analyzers. 
Write today for complete, newly-published technical data. 


INSTRUMENT COMPANY alk LIVINGSTON 
7 ican Dever 3 ole N° pee 


TODAY, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY 





AUGUST 1958 Circle 293 on page 17 Circle 294 on page 17 





cme Electric 
is your 


Best Source of Supply for 


SPECIAL 
TRANSFORMERS 


When you need transformers with special primary 
or secondary voltages, special voltage taps, special 
accessories or switch get, you'll find Acme Electric 
to be your best source ef supply. Our special trans- 
former engineering department has a wealth of 
experience, to assist or completely design to your 
application and our manufacturing facilities assure 
prompt deliveries. 
Send specifications 
and details concern- 
ing application. 


110 KVA, 60 Cycle, Phase 
Changing Transformer. 
Primary: 480 volts with 
two 5% taps, 3 phase, 
3 wire. Secondary; 105 
volts to 140 volts (RC 
taps) and 140 volts to 
350 volts (FC taps) in 7 
volt steps; 2 phase, 
4 wire. 


300 KVA, 3 phase, 60 cycle. 
Primary: 2400 volts delta with 
four 2.% BNFC taps. Second- 
ory: 480 volts delta. 


ACME ELECTRIC CORPORATION 


358 WATER STREET « CUBA, NEW YORK 


emo <iiti> Floetric 


Circle 295 on page 17 


Hassall, Inc., ian, P.O, Box 2225, West- 
ry, 
— Bolt & Fs Corp., 127 Church, 
York 7, 

Milford Rivet . Machine Co., Milford, 
Russell, Burdsall & Ward Bolt and Nut 
‘ort Chester, 

Thomson Mfg. Co., 
Waltham 54, Mass. 


Serews—Cap and Set, Machine (H); Self- 
Tapping (J) 


"Judson L., Dept. D, 


Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn. 

Aluminum Co. of America, 2241-H Alcoa 
Bidg., Pittsburgh 19, Pa, 

Atlas Screw & Specialty Co., 
New York 13, } x 

Automatic and Precision Manufacturing 
Co., 252 Hawthorne Ave., Yonkers, 
ry 


N. Y, 
Bristol Co., Socket Screw Div., 
20, Conn, (H) ‘ 
Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., Waterbury 20, Conn 
HJ 


Screw Co., New Bedford, 
) 


450 Broome 
Waterbury 


( ) 
Continental 
ss, ( 
Delron Co., Inc., 522 Southern Ave., 
South Gate, Calif, (H) 
Hassall, Inc., John, rh 0. Box 2225, West- 
bury, L. i, N. (HJ) 
Hubbell, Inc., “shoes Bridgeport 2, Conn. 
Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (HJ) 
Long-Lok Corp., sans ) Ave., 
Santa Monica, Calif. (H) 
Milford Rivet & Machine Co., 
George W. 


Conn. (HJ) 

Moore, Inc., 85 Beaver, Wal- 
tham 54, Mass. 

National Lock Co., a . (J) 

Parker-Kalon Div., General American 
a se ae Corp., Entin Rd., Clif- 


Milford, 


N. J, ) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, IIL ) 

Standard Screw Co., 2701 
Bivd., Bellwood, Ill. (H) 

United-Carr Fastener Corp., 
2, 8. (HJ) 


Washington 


Cambridge 


Spacers 
Delron Co. 
South Gate, Gauut! 


5224 Southern Ave., 


Washers—Fiat (K); Lock and Spring (L) 

Atlas Screw & Speciality os 450 Broome 
New York 13, N. Y. c 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn, 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn, (KL) 

Continental Screw Co., New 
Mass, (KL) 

Cosmo Plastics Co. 

K) 
. 5224 Southern Ave., 
South Gate, Calif, (Washer-Nuts) 

Garrett Co., Inc., George K Torresdale 
ave at Tolbut, Philadelphia 36, Pa 
(KL) 

Keystone Bolt & Nut Corp.. 127 
New York 7, N. Y. <L) 

National Lock Washer Co., 
Newark 5, N. J. (L) 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J. 


Bedford, 
3239 W. 14th, Cleve- 


Church, 


40 Hermon, 


(ia) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Thompson-Bremer & Co., Sub Ametions 
Machine and Foundry Co., 22% . La- 
Salle, Chicago 1, Ill. K 

United-Carr Fastener Corp., Cambridge 42, 
Mass. (L) 


FELT 

Continental Felt Co., Inc., 
15th, New York 11, N. ¥. 

Western Felt Works, 4021-4139 W. Ogden 
Ave., Chicago 23, IIL 


FIBRE, PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compoun 


FIBRE, VULCANIZED, 
Rod, Tubing) 


22-26 West 


(Board, Sheet, 


Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del, 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, IIL 

a Vulcanized Fibre Co., Wilming- 


Tonawanda, 
Tavior Fibre Co., Norristown, Pa. 


West Virginia Pulp and Se ¥ Co., 230 
Park Ave., New York 17 Y, 


e. 
Spaulding Fibre Co., Inc., 


FULTee cLemenrs, POWDERED 


Chrysler Corp., Detroit 31, 
9540 Tulley Ave., Oak 


Amplex Div., 
Mich. 


Radio Cores, Inc., 
Lawn, Il, 


FILTERS, RADIO 
Audio Development Co., 
Minneapolis 7, Minn 
General Electric Co., 
Schenectady 5, N. 
& Co., Inc., P. R., 


2836 13th Ave., 
2 = aa Sales 


Indi "u 


FiBrenee. PRODUCT. See Lacquers 
amels, Paints and Varnishes, Finish- 


FLUORESCENT, LAMP AUXILIARIES 
includes Adapters, Ballasts, Compensa- 
tors, Controi Units, Starters and Trans- 
formers. For Resistors, see Resistors, 
Instrument and Radio; also Capacitors. 


Arrow-Hart & Hegeman Electric Co.. 103 
Hawthorne, Hartford 6, 

Chicago Standard Transformer Corp., 3501 
Addison, Chicago 18, IIL 

Circle F Mfg. Co., Trenton 4, N. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola Electric Co., 4633 W. 16th, Chicago 
50, Ill 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Sylvania Llectric Products, Ine., 1740 
Broadway, New York 19, N, Y, 

Westinghouse Electric Corp “Gateway 
Center, Bidg, No. 3, 401 Liberty ion, 
Pittsburgh 30, Pa 


FOOT SWITCHES. See Switches, 


FORGINGS 


American Brass Co., Waterbury 20, Conn, 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 


FREQUENCY METERS. See Instruments. 
FUSE HOLDcHS, MOUNTINGS and 
CLIPS 


Burndy Corp., 
Conn, 

Bussmar 1 Mfg. Div., 
8s Louis 7, Mo 

Holub Industries, Inc., 
Ill. 

Iisco Corp., Dept. F-4, 
Rd., Cincinnati 27, € 

Jones Div Howard B., 
Chicago 24, Ill 

Mules Electric Mfg, Co., 4227 W. Lake 
Chicago 24, Ill 

Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich 

Square D Co., 
Mich 


Omaton Div., Norwalk, 


McGraw-Edison Co., 
445 Elm, Sycamore, 
4730 Madison 
Yhio 

Cinch Mfg, Corp., 


6060 Rivard, Detroit 11, 


FUSES 
Burndy Corp., 
onn 
Busse n Mfg Div., 
Auis Mo 
i. Electric Co., 
Div., Schenectady 5, N. 4 
Royal Electric Corp., Pawtucket, R. I. 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


Omaton Div., Norwalk, 


McGraw-Edison Co., 


Apparatus Sales 
a = 


GAGES, TEMPERATURE, PRESSURE 
0 VACUUM 
Weston Electrical Instrument Corp. A 
sub. of Daystrom, Ine., 614 Freling 
huysen Ave Newark 5, N. J. 
Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il 


GALVANOMETERS. See Instruments, 


GAS GENERATORS, PURIFIERS and 
ATORS 

Industries, Inc., Chemical Div., 
Newark N. J. 

GASKETS 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn, 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave Stee 7 22, 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 

Electro Tec Corp., South Hackensack, 

Johns-Manville Box 14, New York 16, 
a © 


United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camden 1, 


Western Felt Works, {021-4139 Oxden 
iL. 


Ave., Chicago 23, 
GEARMOTORS. See Motors. 


GEARS and PINIONS 
Amplex Div., Chrysler Corp., Detroit 31, 
d 


Continental-Diamond Fibre, 
e Budd Co., Newark 13, 
2635 W. Medill 
A l. 
Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y¥ 
Ill. 
Radio Cores, Inc., 
Lawn, 
1621 Holland, 
Saginaw x 
Westi Eles tric Corp., 





nd. 
Sprague me og Co., 307 Marshall, North 
dams, Mas 


Tobe Deutschmana Corp., Norwood, Mass. 
United Transformer Co., 150 Varick, New 
York 13 » A 


ch, 
Beaver Gear Works, Inc., 1035 Parmele, 
Rockford, Ill, 
A Sub. of 
Gear Specialties, Inc., 
Ave., Chicago 47, 
: A 
Merkile-Korff Gear Co., 211 N, Morgan, 
Chicago 7, 
9540 Tulley Ave., Oak 
United States Goaphite Co., 
Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 
GENERATORS. See Motors. 
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GENERATORS, ELECTRONIC 
Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

General Biectric Co., Apparatus Sales 
Div., Schenectady 5, } 
General Electric Co. Hiectronies Div., 
Electronics Park, Syracuse 1, ° 
Howard Industries, Inc., 1720 ° State, 

Racine, Wis. 


GERMANIUM DIODES. 
Semiconductor ; 
Diodes, 


See Rectifiers, 
Transistors and Crystal 


GLASS-BONDED MICA 
Continental-Diamond Fibre, A pe. of 
e Budd Co., Newark i3, 
General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 
Mycalex Corp. of America, Clifton Blvd., 
Clifton, N, J, 


cee. FIBER, YARNS, CLOTHS and 
APE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Hermaseal Co., 1010 Main, Elkhart, Ind. 
(Tubes) 


GOLD, ROLLED (Plate and Wire) 
Engelhard Industries, ine., Chemical Div., 
113 Astor, Newark 5, 

Geneval Plate Div., Metais & Controls 
orp., 1908 Forest, Attleboro, Mass. 
Handy * _—- 82 Fulton, New York 

38 


GRAPHITE. See Carbon and Graphite. 


GREASE, BEARING 


Dow Corning Corp., 
(Silicone) 


Midland, Mich. 


GRIPS and CLAMPS, STRAIN RELIEF 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J 

Weckesser Co., 5711 Northwest Highway, 
Chicago 30, IL 


GYROS 


qertous Co., 1378 Main Ave., Clifton, 


HARDNESS TESTERS 
Opto-Metric Tools, Inc., 
Se 


137EM Varick, 
New York, N, 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1830 8S, 54th 
Ave., Chicago 50, . 
Belden me Co., 4633 W. 

Chicago 44, Ill, 
Cornish Wire Co., 50 Church, New York 


mR. Manufacturing Co., 1711 W. Hub- 
Chicago 22, Il 
Electric Co., Construction Mate- 
Bridgeport 2, 
Phalo Plastics Corp., ‘Commercial «& 
Foster, Worcester 8, Mass. 
Switchcraft, Inc., 59 39 N. 
Chicago 30, Ill. 


Van Buren, 


Elston Ave., 


HEADPHONES and HEADSETS 

Automatic Electric Sales Corp., Northlake, 
Ill 

Stromberg-Carlson, A Div, ef General 


Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y. 


HEATING ELEMENTS and UNITS 

Anderson Controls, Inc., 9959 Pacific Ave., 
Franklin Park il. 

Cutler-Hammer, ~. 1264 St. Paul Ave., 
Milwaukee 1, W: 

Driver Co., Wilbur B., 1875 McCarter 

Newark 4, . J 
Electric Co., ‘Topareten Sales 
Div., Schenectady 5, 

Still-Man Manufacturing Corp.. 429-33 E, 
164th, New York 56, N. ¥. 

Vulcan Electric Co., Danvers 2, Mas 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St, Louis 14, Mo, 

Westinghouse Electric Corp.. eway 
Center, Bldg. No. 3, 401 Liberty” ‘are, 
Pittsburgh 30, Pa 

Wiegand Co., Edwin L. 7530 Thomas 

Bivd., Pittsburgh 8, Pa. 


HEAT LIMITERS 
Bussmann Mfg. Div., 
St. Louis 7, Mo, 


McGraw-Edison Co., 


HERMETIC SEALS, See Seals and Ter- 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 
General Electric Co., og AEperetae Sales 
Div., Schenectady 5, 

Radio Receptor Co., th 
a 240 Wythe’ Ave.. 


Semiconductor 
Brooklyn 11, 
Westinghouse Electric Corp.. 
Center, Bldg. No. 3, 401 Liberte aren 
Pittsburgh 22, Pa, 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys, 


HOLDERS, COMMUTATOR BRUSH 
aignet Molding & Mfg. Co., Gurnee 96, 
1. 
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Mycalex Corp. of America, Clifton Bivd., 
Clifton, N. J. (Glass-Bonded Mica) 
Phoenix Eleciric Mfg. Co., 4211 W. Lake, 

Chicago 24, Ill. 


IMMERSION HEATER UNITS. See 
Heating Elements and Units, 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds, 


INDUCTION HEATING. See High-Fre- 
quency Heating Units. 


INFRA-RED LAMPS. See Lamps, Incan- 
descent and Infra-red. 


iNeT EVENTS. ELECTRICAL MEAS- 
URING AND TESTING 
Ad-Yy Electronics Lab., Inc., 249 Ter- 
hune Ave., Passaic, N, J 
Chatillon & Sons, John, 85 Cliff, New 
: Y 


mM Pleasant Ave., 


Electro Products Laboratories, Inc., 4! 
N. Ravenswood Ave., Chicago 40, Ill. 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 
Helipot Corp., Div. of Beckman Instru- 
Pp. O. Box 458, Newport 


alif. 
Hennig, Gerhard R., 157 S. Morgan Blvd., 
Valparaiso, Ind 
Industrial Test Equipment Co, 55 E. 
lith, New York 3, N. 
National Pneumatic Co. Inc., 
Cabot Div., 125 Amory, 


Holtzer- 
Boston 19, 


ass. 

Phaostron Instrument & Electronic Co., 
te nes Ave., South Pasadena, 
ali 

Precision Apparatus Co., Inc., 70-31 84th, 
Glendale 27, L. L, N., 

of America, “Dept. 0-44, 

Camden 


. N, 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 

Westinghouse Electric Corp., Gateway 
Center, Bidg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freyling- 
huysen Ave., Newark 5, 

Wheelco Instrument Dir., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic. 

Berkeley Div. of Beckman _ Instruments 
Inc., 2200 Wright Ave., Richmond 3, 
Calif 

Brush Instruments, Div. of Clevite Corp., 
$405 Perkins Ave., Cleveland 14, Ohio 

Daven Co., 536 W. Mt. + oe &ve., 
Route 10, Livingston, N 

Hewlett-Packard Co., seat Page Mill 
R Palo Alto, Calif. 

General Electric Co.. Apparatus Sales Div. 
Schenectady 5, A 

-— a “equinmen Co., 55 E. 11th, 

Libratcope, » 4 , 40 EY Verdugo, Burbank, 

Magnetic Amplifiers, Inc., 632 Tinton 

ve w York 55, N 
Radio rh an -. Amarics, Dept. 0-44, Bidg. 
- m 
Industrial Div., 175 Wyman, 
_ Waltham 54, Mas s. 


Ca 
Sanborn Co., 
Associates, Instrument Div., Palo 
23, Calif, 
Electrical Instrument Corp., 
aystrom, wel . Freiinghuy- 


sen Ave., Newark 


ner aumenrs. LABORATORY 


Costilion & » me John, 85 Cliff, New 


a Feotsite Laboratories, Inc., 4501 
Ravenswood Ave., Chicago 40, Ill, 

Sane Electric Co., Apparatus Sales 
Div., Schenectady 5, N. 

Westinghouse ic Corp., Gateway 
Center, Bidg. > 8, 401 Liberty Ave., 
Pittsburgh 22, 

Weston Electrical “instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N, 

Wheelco Instrument Div., Barber-Colman 
Co., 1408 Rock, Rockford, Ml. 


INSULATING MATERIALS, See folow- 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
ss. Insulating 
e 


t 
Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Yaminated 
Paper, ogg atne 
Plastics, Moldin 


> gaa Casting 
and Extrusion junds 


Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic Resin 
Tape, Friction and Splice 
Tubing and Sleeving, “Braided Fabrie 
Tubing and Sleeving, Extruded Plastic 
Far Paper 

Va —e. Compounds and Resins, In- 

t 

Waxes and Compounds 


ye pine S ont CABLE 
¢ and Synthe 
Pn Lava ann 7 SE 5, 


Tenn, 
Dow Corning Corp., Midland, Mich, 








ELECTRICAL 
PORCELAIN 


AS AND WHEN YOU WANT IT 





Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 296 on page 17 


VINHuve 


headless slotted 


2 Moore will meet your requirements 
for quality, price, and delivery 


Here are miniature set screws made to the accuracy and 
quality which have built Moore’s reputation for depend- 
ability. Hardness, threads, and sizes are quality controlled 
to assure precision uniformity. 


Use Moore Miniature Set Screws . 
source for one or a million. 


. . a fast, dependable 
Available in #0 (prices on 
application), #1, #2, #3, #4 sizes in a wide selection of 
materials, finishes, lengths and points. 


Moore prices are right . . . send for 
detailed price catalog 


since 1880 
85 Beaver St., Waltham 54, Mass. 


4 
: 
IW OCRE George W. Moore, Inc. 


SET SCREWS 


Circle 297 on page 17 287 





Zenith Automatic Transfer Switches assure full 
protection against any failure of regular voltage. 
Transfer to emergency power in a fraction of a 
second is automatic at 70% of line voltage. 
Regular power is restored at 90% of line voltage. 


Simple design . . . sturdy construction 
. . . switches lock mechanically through 
trouble-free toggle action . . . no springs, 
latches or delicate mechanisms. 


held, 30 to 400 amps. 
Send for free catalog oncomplete Zenith line. 


152 WEST WALTON STREET ° CHICAGO 10, ILLINOIS 
Circle 298 on page 17 


. 
Vo Guesswork Seating Cable! 


TERMINAL 
LUGS 





Uni-Crimp 
with PICTURE WINDOW Design) 


Sight Hole lets you see when cable is seated and ready for | 
crimping. The Uni-Crimp AN Solderless Type lug is designed | 
in one piece and made from electrolytic copper for maxi-| 
mum conductivity. Beveled mouth for ease of cable entry. | 
Crimping Tool locator spot on barrel. Conforms with Mili- 
tary Specifications (AN659) for aircraft installation. pee 
Two Hole, or Center Formed types as needed. 


SHERMAN CRIMPING TOOLS 


Sherman tools designed for use with 
Uni-Crimp give up to six tons of 
indenting pressure for 100% air 
free connections. Rotate the dial 
te cable size plainly marked on 
dial. Tool applies proper amount 
of pressure. One Indentor and one 
Nest accommodate all cable sizes. 
Hand and pneumatic bench tools ; 
available. FULL 

INFORMATION 


H.B. SHERMAN MANUFACTURING CO. BATTLE CREEK, MICHIGAN 
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du Pont de Nemours & Co., (I 
Plastics Div., _Polychemicals 
Wilmington 98, Del. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 


IRONS, SOLDERING. 
Equipment, 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic 


JEWEL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator 


ne.), 
Dept.,. 


See Soldering 


See 


| JOINTS, UNIVERSAL 


| Lovejoy 


| du Pont de Nemours 
| ass tag hone ome Co., 


| aera 
and 


LAMPS, MINIATURE 
| cator) 


| Westinghouse 


| Crouse-Hinds Co. 


| General lectric Co., 
| Hart Manufacturing Co., 


Apex Machine & Tool Co., 1042 8 

son Blvd., age 2, Ohio 
Flexible a Co., 
Chicago 44, II. 


KNOBS, CAPS and HANDLES 

Davies Molding Co., Harry, 
Wells, Chicago 10, Ill, 

Midwest Molding & Mfg. 
Dr., Gurnee 96, I 

Rogan Brothers, 8027 
Skokie, 


LACQUERS, ENAMELS, jee and 
VARNISHES, FINISHING 

Allied Research Products, Inc., 4004-06 
=. Monument, Baltimore 5, 3 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Dow Corning Corp., Midland, Mich. 
(Silicone Resins and Varnishes). 

., (Inc.), E. 1. 
Wilmington 98, Del. 
General Industrial 
y., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS and 
ASE (Sheet, Tube and Wire) 
Pe Co... 


Cc, 8., 
Vern N. Y¥ 
General Plate Div., Metals and Controls 
Corp., 1908 Fores t, Attleboro, Mass 
ane? 82 Fulton, New York 


Patter 
4802 W. 
Lake, 

1428 N. 
123 Rotary 
N, Monticello Ave., 


Co., 


Finishes Dept., 


320 Washington, Mt. 


LAMINATED PLASTICS. See Plastics. 


LAMINATIONS. MOTOR ang 


RANSFORME 
Magnetic Metals Co., 
2ist, Camden 1, N. J. 
Magnetics, Inc., Box 391, 
omas & Skinner, Inc., 
Indianapolis 7, Ind. 


Hayes Ave. at 


Butler, Pa. 
1114 E, 23rd, 


LAMPS, FLUORESCENT 
General Electric Co., Nela Park, Cleve- 


land 12, Ohio 
Elect: Corp., Gateway 


Westinghouse tric 
Center, Bidg. = 8, 401 Liberty Ave., 
‘a. 


Pittsburgh 30, 

LAMPS, INCANDESCENT and 
INFRA-RED 

_Piectrie Co., Nela Park, Cleve- 
Ohio 

Weetinebeese Electr: Corp., Gatew 


ric teway 
Center, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


LAMPS, MERCURY VAPOR 


| General Electric Co., Nela Park, Cleve- 


land 12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


(Pilot and Indi- 
General 


Electric Co., Miniature Lamp 
Dept.. Oh 


Nela Park, Cleveland 12, io 
ait Corp., Gateway 


Center, Bidg. 8, 401 Liberty Ave., 


Pittsburgh 30, a 
LAVA. See Ceramics 


LAYOUT FLUID 
Dykem Co., 
Mo. 


LIGHTING FIXTURES 


Killark Plectric Manufacturing Co., Van- 
Seete and Easton Aves., St. Louis 13, 
0. 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford on... 


Cannon Electric Co., Dep’ 
Humboldt, Los Angeles i. 
acuse 


3209 
Sait, 
Dishes: Corp., 44 Stewart Ave., Brooklyn 
Drake Drains Co., 1711 W. Hub- 

bard, Chicago 22, Ill. 
Miniature Lamp 
ae: 12, Ohio 
211 Bartholomew 
, Conn, 
"1200 “Elmwood Ave., 
Johnson Co. he ‘F., 2331 Second Ave., 


Waseca, Minn. 
same D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 


LOCKNUTS and LOCK WASHERS. 
See Fasteners 


Dept., Nela Park, 
Ave., H 


artford 
Hetherington Inc., 


E. I. 


2303F N. 11th, St, Louis 6, Thom 


“LUBRICANTS 


Shell Oil Co., 50 W. 50th, New York 20, 
N, Y. 


LUBRICATORS, OIL and GREASE 


Gits Bros. Mfg. Co., 1846 8S. Kilbourn 

Ave., Chicago 23, 
Madison-Kipp Corp., 214 Waubesa, Madi- 
10, Wis, 


son 


LUGS and TERMINALS 


AMP Incorporated, 5284 Eisenhower Blvd., 
Harrisburg, 
American Brass Co., 
Buchanan Electrical Products Corp. 
Route Hillside, N. J. 
Burndy Corp., Omaton Div., 


Waterbury 20, Ome. 


99 


Corp., 
Cin- 


453 Concord 
Ave., Cambridge 38, M 
Heyman Mfg, Co., 
F-4, 4730 Madison 
Johnson Co., E. a 
Min 
Chicago 24, 
1043 Evans, 
4021 
Mycalex Corp a, Clifton Bivd., 


Norwalk, 

Conn 
Cambridge Thermionic Corp., 

ass. 
Hart Manufacturing Co., ts Bartholomew 
Ave., Hartford 1, 

Kenilworth 1, N. J. 

Iisco Corp., Dept. 
Rd., Cincinnati 27, Ohio 
. F., Second Ave., 
S.W., Waseca, 
Jones Div., Howard B.. Cinch Mfg. 
l 
Krueger & Hudepohl, 
cinnati 4, nio 
Malco Tool and Manufacturing Co., 
W. Lake, Chicago 24, Ill 
of Americ 
Clifton, N. J, 
Baish Co., 35 Verona Ave., Newark 4, 
610 Fayette Ave., Mama- 
H. B., Bat- 
28 Butler, 


Bealectro Corp., 
roneck, ¥. 
Sherman Manufacturing Co., 
tle Creek, Mich. 
Thomas & Betts 
Elizabeth 1, N. J. 
Thompson-Bremer & Co 
Machine & Foundry Co. 
Salle, Chicago 1, III. 


Co, Inc., 


Sub. American 
228 N. La- 


MACHINES. See specific headings: 
Balaucing; Coil] Winding; Drafting Re- 
production; Molding, Plastic; Rivet 
Setting; Screw Driving; Strippers, 
Wire; Vibration Test. 


MAGNETIC AMPLIFIERS 


Airpax Products Co., Fort Lauderdale, 
Beckman cerements 


la 
Berkeley Div. of 
Inc., Richm 


2200 Wright Ave., 


Calif. 
Control, Box 391, Butler, Pa. 
Fidelity Instrument 
Boundary Ave., York, 
General Electric Co., 
Div., Schenectady 
Co.,_ Ine., 


1000 = s«éB. 
Pa, 

Apparatus Sales 
"1378 Main 
632 Tinton 
1803 


Ave., 
Amshten, Tne., 

Ave ew York 55, N 
Vickers “Bleettic Div., 


Magnetic. 
Vickers Inc., 


Gateway 
berty Ave., 


Westinghouse 
Center, Bldg. No. 
Pittsburgh 22, Pa. 


MAGNETIC BRAKES. See Brakes, Mag- 
netic. 


8, 401 Li 


MAGNETIC MATERIALS. See Steel 
Electrical; Magnets, Permanent; Mag- 
netic Recorder Components; Powdered 
Metal Products. 


MAGNETIC RECORDER COMPONENTS 

Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, 

Minnesota Mining & ‘are: Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. (Tape) 

Stromberg-Carison, A _ Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y. 


MAGNETS, PERMANENT 

Arnold Engineering ais In. 
(Magnetic Alloy Cores 

General Electric Co., Metallurgical Prod- 
ucts Dept., 11131 B. 8 Mile Ave., De- 
troit 32, Mich. 

Indiana Steel Products Co., Valparaiso, 


as & Skinner Inc., 1114 E. 28rd, 
Indianapolis 7, Ind. 


Marengo, 


MAGNET WIRE. See Wire, Magnet. 
MARKERS, IDENTIFICATION 
stetional Band & Tag Co., Dept, 9-254 


Newport, Ky. 
Natvar Corp.. * Randolph Ave., Wood- 


bridge 
MATERIALS HANDLING EQUIPMENT 
Continental-Diamond Fibre, A Sub, of 
Budd Co., Newark 13, Del. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 
Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, Ohio 
Sqetges Fibre Co., Inc., Tonawanda, 
MERCURY RELAYS. See Relays. 
MERCURY SWITCHES. See Switches. 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base. 


METALS, PRECIOUS. See Gold; Lami- 
nated Metals; Platinum; Silver, 


ELECTRICAL MANUFACTURING 








MOTORS 


4 
0 


SORENG shaded pole motors 
with CAMEL BEARING design 
give extra long life service 





Miniature Timing Motors, Geared 





Subfractional, Under 1/20 Hp. 





Fractional, 1/20, % Hp. 





Integral, 1 to 744 Hp. 
Integral, Over 744 Hp. 








Gearmotors 





Generators 








N/<|/ P/O; |O10\|* 


Low Voltages (Under 110) 

















ase 





Motors, Amityville, 


re Marine 
( 
alts Co., The Louis, Milwaukee 7, Wis. 
NOQRU VYZ) 
82-02 
a. 


Ine., Holtzer-Cabot Motor Div. 
matic Co., Inc., 125 it Boston 19, 
Mass, (ABCEFGHQU AY 
oward inguetrios My ’ 1790 +i} 
Racine, Wis. ee RTUVYZ 

Induetion 5 omy ‘Coro, 570 Main, West 

( 


bury, L. ) 
Inlena’ Motor Corp., Dept. B, 23 W. 
Pearl River, N, Y, 


Washington Ave., 
Ine., pes Broadway, 


National ie 


Ashland ggg Products, Inc., 
Greens » Long Island City i, 
) 


( 
Baldor Electric Co,, 4353 Duncan Ave., 
St. Louis 10, Mo, (FGKLN) 
Rockford, 
Cleveland 1, Ohio 


Barber-Colman Co., 1803 Rock, 

Ill. (BCEYZ) 

Bekey Electric Co., Inc., 1327 Main, Los Janette Electric Mfg. ni 
patectes 1°. ou. Ose W. Ohio, Cal- Il. (FGKLQRUV) 
ne Electric 7 225) y Ke f . - 
aa “ABCDEFGHJORTYZ&) = ‘ott oy Ine, 19t8 ype Ave., Clif 
Brevel 621 W. 26th, | Hectic Co., Kent, Ohio (BCDEF 

New York . (A) GHJQRSZ) 

Century Electric Co., 1806 Pine, St. Louls Master Electric Co., Div, of Reliance Elec- 
Mo. (FGKLNOPQRUVWY2Z) tric and Engineering Co., Dayton 1, 
Controls Co. of America, 9551 Soreng ‘OPQRTUVW) 

Ave., Schiller Park, Ill. M Ge 211 _N. Morgan, 
Cramer Controls Corp., Box 8, Center- Caeees 7, Il. (ABCDEFGHJOQRST. 
p's R Lid, 402 B. Guti P. 0. moe 

* &. Gutierrez, P. O. y ‘ Cc 2 
Santa Barbara, Calif. (U) = Tra ve y sibs Decne 
. -, Nisctor and Coil Corp., 2432 W. 
George, Chicago 18, Ill. (BE) 


1500, 

yy Co., Electrical Div. 
of The 8 anger Manufacturing Co., Som- 

HKN Oster Manufacturing Co., John, Avionie 

Div cine 43 (BCFGHUVY&) 


erville, N. av) (Servo) 
jake and Synchro 


Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg Wis, (FGKL) 

Dynamatic Div., | 3307 Rae Motor Corp.. 2009 Kewanee, Racine, 

(BCDFGHYZ&) 


eintz, 


Morton Grove, 


“Camel Bearing” 
Model Series “402” 
New York 


Eaton Mfg. Co.; 
Fourteenth Ave., Kenosha, Wis, (FEN) 
Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 


Sage Electric Mfg, Co., St. Louis 21, 
. (FGIKLMQR) 


= es Sales 
6 Bebonse tady 
HIKLMN ‘orghste VWYZ&) 
General pte Co., Dept, GL, Elyria, 


lo (BQYZ) 
Globe Industries, Dayton 4, Ohio 
Twentieth, 


(BC) 
Hagen Mfg. Co., Ine 


The “402” Shaded-Pole Motor is built to last. It’s a 
rugged little powerhouse with an extra long life due to its 
exclusive, Camel Bearing design. This special bearing 
bracket provides automatic, positive oil circulation even 
under high temperatures. Oil is constantly feeding into 
bearing cavities as operating conditions demand. Stand- 


Co., 

Ohio 
Calif. 
Ine., Motor Div., 
(BCDEFGJENU) 


Controls Co., Acro 
Columbus 16, Ohio (B) 


& Engineering 

Cleveland 17, 
Reuland Electric Co., 
(KNQ) 


Robbins & Myers, 
Springfield, Ohio 
Robertshaw - Fulton 
Div., 
Smith Corp., 


Apparatus Alhambra, 


Inc., 


202 


Moline, Ill, (ABCDE) 
Hansen Manufacturing at 
3, Ind. (ABCEVXYZ 
Haydon Co., A W., 234 N. Elm, Water- 

ury 20, ‘Conn, (CXZ) 

Haydon, Div. of General Time Corp., 2530 
Elm, Torrington, o- (ABCX Z) 

Heinze Flectric Co., 685 Lowell, 
Mass. DFZ) 

Helipot Corp., Div. *. Beckman _Instru- 
ments, Inc., P. Box 458, Newport 
Beach, Calif. 


Inc., Princeton 


‘Lawrence, 


A. O., Electric Motor Div., 

Tipp City, Ohio (FGKLNOQR) 
Sterling Electric Motors, Inc., 5401 Tele- 
re} Los Angeles 22, Calif. 


Ther Biectric & we Works, 11A 8. 
Jefferson, Chicago AY Tl. 

Wagner Electric oom an nek 
Ave., St, Louis a io, 

wo 

berty Ave., 


Westinghouse | 
Pussber 23, Pa. (BCDEFGHJKLM- 
NOPQRSZ&) 


ard mounting holes make it interchangeable with other 
motors. Range of 12 models covers all types of applica- 
tions including spring-wire, gear, chain, rubber belt and 
friction drives or, to move high velocity, heater or sir- 
occo air. Write for free booklet. 


Series “401” for standard life applications — Here's a 


tough, durable model shaded pole motor that has bearings 
with self-aligning features and an open-skeleton frame for 
effective heat dissipation. Choice of 12 models. 





METALS, RARE 
Censeens  etatenatonl Corp., North Chi- 


uatory & Co., Inc., P. B., Indianapolis 





MOLYBDENUM—(Sheet and Wire) See 
also Contacts 


Fansteel Metallurgical Corp., North Chi- 


cago, Ill 
ee © Co., Inc., P. R., Indianapolis 


DRAWINGS NO'S 402-10 
402-11 
401-10 


401-11 
Ws 


402-20 
402-21 
401-20 
401-21 


15 
60 60 60 
0.31 0.42 0.55 
13.5 19 24 
3400 | 3480 | 3500 


402-30 
402-31 
401-30 
401-31 


15 


402-40 
402-41 
401-40 
401-41 


m5 
60 
0.64 
277 40 
3570 | 3560 
1/75 1/50 
2.3 3.3 
45 68 
Aw" |1-%" 


402-50 
402-51 
401-50 
401-51 


Ws 
60 
0.97 


METERS, HOUR 
Haydon Ry. AJ sob, Corp., 2530 
tagven, 2 MOTOR CONTROLS and STARTERS. See 
W., Div, of Stewart- : “Sta- 
2078 Yale Bivd., Spring- Controllers, Motor; Push Button Sta 


tions. 
ae McCarter 





VOLTS 

FREQUENCY 
AMPERE—NO LOAD 
WATTS—NO LOAD 
RP M—NO LOAD 
MAX. HP. OUTPUT(') 1/500} 1/200 
START TORQUE OZ. IN 0.58 1.4 
STALLED WATTS 18 29 
STACK WIDTH “A” %” %” 
SHAFT DIA. “B” 0.182 | 0.182 
WEIGHT—POUNDS 0.8 1.2 








field, 

Industrial Timer rig: 
Highway, Newark 4, N. MOTOR GENERATOR SETS 

Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn. 





MICA, GLASS-BONDED. See Glase- 
Bonded Mica. 








MOTORS and GENERATORS. See Motors 
MICA, MOLDED and LAMINATED Table, 
(Sheets, Pilate, Tape, Tubes, Rings, 
ments, Washers, etc.) 


Continental-Diamond 
The B 





2.3 
40 
%” 


mounriaes.. RUBBER and 
SYNTH 

Johns- cee ie, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill. 








lo 
Insulation Menetesturers Corp., 
Wi ngton 


Bivd., Chicago 6, i 
Macallen Co., Bay Rd., Newmarket, N, H. 
MICROPHONES 


American Microphone, Electronics Div., 
Elgin National Watch Co., 370 8, Fair 
Oaks Ave., Pasadena, Calif, 

General Electric 1 “ne Sales 
Div., Schenectady 1 ° we 


MICROSCOPES, INSPECTION 
MEASURING 





MOVEMENTS, CLOCK and TIMING 

Haydon . W., 234 North Elm, 
Waterbury "20, Conn. 

Haydon Div. of General Time Corp., 2530 
Elm, Torrington, Conn. 





1.4 16 




















1g 





NOTES: (1) HP rating at 3000 RPM — continuous duty fan load. 
(2) All numbers ending in “‘O"' denote clockwise shaft rotation. 
All bers ending in “1"’ denote counter-clockwise shaft rotation. 


_ CONTROLS COMPANY OF AMERICR 
Manufacturers of SORENG controls 


9551 Soreng Avenue ®@ Schiller Park, Illinois 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, Conn. 
Neng cme 

ey iteel Co., 115 W. Bern, Read- 


chan Brass & Copper Co., Sub. of Ken- 
— Copper Corp., Waterbury 20, 


Driver’ Co, Wilbur B., 1875 McCarter 
Highway, Newark 4, d 

Driver-Harris Co., 

General Plate Div., 





Bausch & Lomb Optical Co,., 84717 St. 
Paul, Rochester 2, *-§ 
to-Metric Tools is7EM Varick. 
New York 13, N.Y 


MOLDED INSULATION and MOLDED 
er See Ceramics; Mica; Plas- 
tics; 


1908 Forest, Attleboro, 
MOLDING MACHINES, PLASTIC Internaitonal Jiceet_Co., Inc., 67 Wall 
Moldi Machi Co., Sub of 
| rot ~ Ine. 400 Midland Riverside-Alloy Metal Div., H, K, Porter 
Ave., Detroi Mich. Co., Inc., Riverside, " 
Monlo ites "Co., 2443 Prospect Ave., Somers Brass Co., 110 Baldwin 
Cleveland 15, Ohio Ave., Waterbury, 





Inc., 
Conn, 


controls that make modern living possible 
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Now! End Cord and : 
Cable Shhty here 


© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 





FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 





GRIPMASTER ALL-METAL TYPE 
Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is — 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 





Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


Tes 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


Bohibes cod dob MANU SAS IS Ee aS. 
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~~ SILVER 
(Rod, Sheet, Tubing, wire) 
American Brass Co., Waterbury 20, conn, 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Ww aterbury 20, 


Yon 
ey Alloy Metal Div., H. K. Porter 
Co., gx 


Inc., Riverside, N, 
NUTS. See Fasteners. 


OHMETERS, See Instruments, 
OILERS. See Lubricators, Oil and Grease. 


OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments, 
Electronic; Recorders, Oscillographic. 


as Electric Co., operates Sales 


v., Schenectady 5, 
Hewlett-Packard Co., 4656M Page Mill 
Div., 


Rd., Palo Alto, Calif. 

Hughes Products, Electron Tube 
International Airport Sta. . Los Angeles 
45, Calif. 

pi Corp. 


RCA Electron Tube Div., 
of America, Harrison, N. 
Weston Electrical Instrument Corp., A sub. 
aystrom, Inc., 614 Frelinghuyses 
Ave., Newark 5, J. 
PACKING. See Gaskets, 


PAINTS. See Lacquers, Enamels, Paints 


and Varnishes, Finishing. 


PALLADIUM. See Platinum and Pilat- 
inum Products. 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Arrow-Hart & Hegeman BPlectric Co., 103 
Hawthorne, Hartford 6, Conn. 

Clark Controller Co., 152nd, 
Cleveland 10, Ohio 

Cutler-Hammer Inc., 1264 St, Paul Ave., 
Milwaukee 1, Wis 

Eagle Signal Corp. ‘ 202 20th, Moline, Til. 
Jeneral Electric Co. Ya Sales 
Div., Schenectady 5. 

Heinemann Electric ® 99 Plum, Tren- 


ton 2, 

Square D ‘Co., er N. Richards, Mil- 
waukee 12, Wi 

Ward Leonard Electric Co., 384 South, 
Mount Vernon, N. 

Westinghouse Electric \ Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 
eelco Instruments Div., Barber-Colman 

1403 Rock, Rockford Ill. 


PANELS, DIAL, See Dials and Panels. 


PANELS, SHEET STEEL. See Sheet 


Metal Fabricators, 


INDUSTRIAL 


Cottrell Paper .. Inc., 
Fall River, Mas 

Mosinee Paper Mills Co., Mosinee, 

West Virginia zale and * Co., 
Park Ave., New York 17, N. Y. 


PAPER 
88 Purchase, 


Wis. 
23 


INSULATING 


., 1255 DixweH Ave., New 
, n. 
Continental-Diamond Fibre, A Sub. of 
, Newark 13, Del. 
Inc., 88 Purchase, 


Plastics Dept., 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Ill. 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

a ae anville, Box '14, New York 16, 


¥. 
Mosines Paper Mills Co., Mosinee, Wis. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del, 
<- * Corp., F es Randolph Ave., Wood- 
Co., 


wast Virginia ae am Paper oe 
Park Ave., New York 17, N. Y. 


PAPER, 


Acme Wire Co. 
Haven 


Tonawanda, 
230 


b 
Spaulding Fibre Inc., 


PAPER, Piet eenarnio 
REPRODUCTIO 

Ozalid, A Div - General Aniline & 
Film Corp., Johnson City, N. Y. 
PAPER TRACING. 
Film and Paper. 


See Tracing Cloth, 


i md MAGNETS. See Magnets, 
Permanen 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 
American Brass Co., Waterbury *, Conn. 
Chase Brass & per Co., Sub, of Ken- 
necott Copper Corp., Waterbury 20, Conn, 
se tg & Co., Inc., P. R., Indianapdlis 


6, 
Miller "Co, Meriden, Conn, 
Riverside- Alloy Metal Div, 
Co., Inc., Riverside, N. 


= K. Porter 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y¥, (Photo- 
electric Cells) 

General Electric Co., Moctoqnte Component 
Div., Schenectady 5, N. Y. (Photoelec- 


tric Tubes) 

International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 

RCA Electron Tube De, Radio Corp. 
of America, Harrison, N. J. 

Vickers Electric Div., "Vickers Inc., 1803 
Locust, St, Louis 3 2, 


PHOTOELECTRIC CONTROLS 

General Electric Co., Apparatus 
Div., Schenectady 5, N. 

we Corp., 4201 Belmont Ave., 


Sales 
Chicago 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg, No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 
Weston Electrical 
sub. of Daystrom, Inc. 
sen Ave., Newark 5, 


Instrument Corp., A 
—S Frelinghuy- 


PILLOW BLOCKS, See Blocks, Pillow. 


PINS, COTTER and LOCK. Se 


Fasteners. 


PLASTICS, COLD MOLDED and INOR- 
GANIC, See Ceramics. 


EXTRUDERS 


Inc., 


PLASTICS, MOLDERS, 
and FABRICATORS 
Ace Plastic Co., 91-64 Van Wyck Express- 
way, Jamaica 85, N. Y. 
—— Insulator Corp., New Freedom, 
Anchor Plastics Co, 36-36 36th, 
Long Island City 6 ° 
Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Con: 
So Oa. "1803 Rock, Rockford, 
ll. 
Borden Co., Resinite Dept., Santa Bar- 
bara, Calif. 
Chicago Molded Products Corp., 1024 
North Kolmar Ave., Chicago 51, Ill. 
Continental-Diamend Fibre, A Sub. of The 
Budd Co., Newark el, 
Cosmo Plastics Co., 3239" W. 14th, Cleve- 
land 9, Ohio. 
Crane Packing. Co., 6424 Oakton, Morton 
Grove, Ill 
Davies Molding C©o., Harry, 1428 N. 
Wells, Chicago 10, Ill, 
General FMectric Co., Plastics Dept. 
Decatur, Il. 
Gries agutee oo Con... 19 Beechwood 
ve., 
~ “Mining & 
9 Argyle Terrace, 
123 Rotary 


Irvington Div., 
Manufacturing Co., 
Irvingt N, 

Midwest Molding & Mfg. Co., 
Dr., Gurnee, 96, J 

National Vulcanized Fibre Co., Wilming- 
ton el. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. 

Northern Piastics 2nd & Market, 
La Crosse 5, is. 
Phalo Plastics Corp., 
Foster, Worcester 8, Mas 
a ~*- 7 ie 8027 N., Monticelto Ave., 


Ill. 
mM. . Corp., 2405 8, Concord Rd, La- 
fayette Ind. 
Spaulding Fibre Co., Tonawanda 
i 1740 


Electric _ Products, 
Pa. 


Se ° 
——— & 


Inec., 
Inc., 
y, New York 19, N. Y. 
Synthane Corp., 17 a aa — 
Taylor Fibre Co., Norr 
United States Gasket oo “Pinatics” Div. of 
-. Garlock Packing Co., Camden 1, 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


PLASTICS—MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 
Alkyd Molding Compound 
Cellulose Acetate 
Cellulose Nitrate 
Diallyl Phthalate 
oxy Resins 
Ethyl Cellulose 
Flourocarbons 
Melamine Formaldehyde 
Methyl Methacrylate 
Nylon 
Phenolics 
Plastisols, Vinyl 
Polyethylene 
Polyester Resins 
——— Resins 
Styrene 
Urea Formaldehyde 


e 

Vinylidenechleride 

Vinyl Chloride Acetate 
Vinylidene Chloride 


American Cyanamid Co., Plastics and 
Resins Div., 33D Rockefeller Plaza, 
New York 20, N. Y. (CQJ) 
Atlas Powder Co., Chemicals Div., 
Wilmington 99, Del. 

Allied Chemical and Dye 

ork 6, N. Y, (T) 
Borden Co., Resinite Dept., Santa Bar- 
bara, Calif. 


Barrett Div., 

Corp., 
Dow (Chemical Co., Midiand, Mich, (F) 
Dow Corning Corp., Midland, Mich. (8) 


ELECTRICAL MANUFACTURING 





duPont deNemours & Co., (Inc.), E. I. 
Plastics Div., _Polychemicals  Dept., 
Wilmington 98, Del. (ADGKLPR) 

Durez Plastics Div., Hooker Chemical 

Corp., 1308 Walck Rad., N. Tonawanda, 

N. ¥. (E) (Casting Resins) 

Products, Inc., A Div. 

& Sons, 137 Coit, 
U) 


of Joseph 
Irvington 


Food Ma- 
161 E. 


Dept., 


Epoxy 
Waldman 

| i A 
FMC Organic Chemicals Div., 
and Chemical. Corp., 


es 
"Plastics 
Houghton ‘Laboratories, Inc., Olean, N. Y. 


(U) 
Insulation Manufacturers Corp., 565 W. 
Wash’ 


Co., Ine. 
Pittsburgh 19, 
Marbon Chemical Div. 
Gary, Ind. ) 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 
Plastics Bngineering Co., 1607 Geele Ave., 


of Borg-Warner, 


Skokie, Ill. , 

Rostone Corp., 2405 8, Concord Rd., La- 
fayette, Ind, (4) 

Shell Chemicai Corp., Chemical Sales Div., 
nih Madison Ave,. New York 17, N. 7; 


United States Gasket Co., Plastics Div., 
. ; a Packing Co., Camden 1, 
N. ) 


PLASTICS, SHEETS, RODS and TUBES 
AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa, (Di- 
electric Sheets) 
Borden Co., Resinite Dept., Bar- 
bara, Ca 
Clevelsnd Container Co., 6201 Barberton 
Cleveland 2, Ohio (Tubes) 
Cuuntegh Beaune Fibre, - Sub. of The 
Budd Co., Newark 13, Del 
Dilectrix Corp., Allen Bivd., 
dale, L. r 2 
Epoxy Products, Inc., A Div. 
Waldman & ‘Sons, 187 Coit, 
11, N. J. 
General Electric Co., 
Coshocton, Ohio 
Co., 
Decatur, Ill 


Electric 
Houghton Laboratories, Inc., 
Insulation Manufacturers Corp., 565 W. 

Washington Blvd, Chicago 6, 1, 
Mica Insulator Co., Schenectady 1, N. 
National Vulcanized Fibre Co., Wilming- 


ton 99, 
Northern ge Corp., 2nd & Market, 
Inc., 


Santa 


Farming- 


of Joseph 
Irvington 


Laminated Products 
Plastics Dept., 
Olean, N. Y. 


La Crosse 5, Wis. 
comes Fibre Co., 


Taylor Fibre Co., Norristown, Pa, 

Westinghouse Electric Corp., Gateway 
Center, Bldg, No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Tonawanda, 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts, 
Brainin Co, G S., 318 Washington, Mt. 


Vernon, N, Y, 
Englehard Industries, Inc., Baker Put 
num Div., 113 Astor, Newark 5, N.J. 
General Plate Div., Metals and Controls 
Corp., 1908 Forest, Attleboro, Mass. 
Handy ‘& Harman, 82 Fulton, New York 

38, N. Y. 


PLIERS and CUTTERS, WIRE 


Klein & Sons, peatiien, 7200 McCormick 
Rd., Chicago 45, 


PLUGS and JACKS, COMMUNICATION 


Audio Development Co., 2836 13th Ave., 
South Minneapolis 7, nn, 

Switchcraft, Inc., 5539 N, Elston Ave., 
Chicago 30, IIL 


PLUGS and RECEPTACLES 
Amphenol Electronics Corp., 18380 8S. 54th 
Ave., Chicago 50, Ill. 
Arrow-Hart & Hegeman 1 Co., 103 
Hawthorne, Hartford 6, 
a Electric Sales Corp. North- 
ake 1, 
Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Il 
Cannon Eleciric “Co., Dept. 500, 3209 
Angeles 31, Ca lif 
0., enton N, 
L. L., Route 46, Lodi, 
50 Church, New 


— & %o., 


Cornish Wire Co., Inc., 
k7 Y, 


for! 

Crouse- Hinds Co., 

General Electric Co., 
rials Div., Bridgeport 2, 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn, 

Hubbell, . Harvey, Bridgeport 2, Conn, 

Johnson E, F., 2331 Second Ave., 
S. W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. 
Chicago 24, Ill. 

Molex Products Co., 

Royal Electric Corp., 

Stromberg-Carlson, A. 
Dynamics Corp., 
Rochester 3, N. Y, 


Syracuse 1, N, 
Construction Yiate- 
9 


a 
Corp., 
Brookfield, Il, 

Pawtucket, R, L 


Div. of General 
117 ‘Carlson Rd., 


PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Ill, 


AUGUST 1958 


PORCELAIN. See Ceramics. 


POTENTIOMETERS, See also Rheostats. 
Allen-Bradley Co., 1316 8S, Second, Mil- 


waukee 4, Wis. 
Bourns Laboratories, P,. O. Box 2112 
Inc., Dover, 


Riverside, Calif 

Clarostat Mfg. Co., N. 

Daven Co,, 536 W. Mt, Pleasant Ave., 
Route 10, Livingston, N. J. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., P. 0. Box 458, 
each, Calif. 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, 

Kintronic, Div. 
Inc., nn Hawthorne Ave., 
Park, 

Ohmite Manufacturing Co., 3618 Howard, 

Ill, 


a, 

Rattr: George, A Div. of Hard- 

a. Hindle, Inc., 116-08 Myrtle Ave., 
Richmond Hill 18, N. Y, 

Stackpole Carbon Co., St. Marys, Pa. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 


MELTING 
Apparatus 


POTS and LADLES, 
General Electric Co., 

Div., Schenectady 5, 
Vulcan Electric Co., Danvers 2, Mass. 


Sale 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts. 

Amplex Div., Chrysler Corp., Detroit 31, 
Mich. 

Bunting Brass and Bronze Co., Toledo 1, 


0. 
Gibson Electric Co, Old Wm. 
Highway, Delmont, Pa. 
Mallory & Co., Inc., P. B., Indtanapolis 6, 


Ind. 
Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill, (Iron Cores) 
Stackpole Carbon Co., St. 
United States Graphite Co., 
Saginaw 8, Mich. 


Penn 


Marys, Pa 
1621 Holland, 


POWDERS, METAL 

Handy A Harman, 82 Fulton, New York 
38, Be 

New f Zine Co., 160 Front, 
York 38, N, Y, (Brass, Bronze, 
per and Zinc) 


New 
Cop- 


POWER SUPPLY UNITS 

Electronic Research Associates, Inc., 67 
Factory Pl., Cedar Grove, N. J. 

Electro Products Laboratories, Inc., 4501 


N, Ravenswood Ave,, Chicago 40, Ill. 

Ferrotran Electronics Co., 693 Broad- 
way, New York 12, N. Y. 

Fidelity Instrument Corp., 1000 E. Bound- 
ary Ave., York, Pa. 

Kepco Laboratories, Ine., 131-38 Sanford 
Ave., ~— 55, 

Mallory & Co., Inc., P. RK, Indianapolis 
6, Ind. 

N. J. E. Corp., 341 Carnegie Ave., 
Kenilworth, 

om Electric Co., 4633 W, 16th, Chicago 

Terss Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


PULLEYS and DRIVES, VARIABLE 
SPEED 


Hi-Lo Manufacturing Co., 
vergne Ave.. Chicago 44, 


Lovejoy Flexible Comes Co., 
Lake, Chicago 44, 


“4802 W. 


PUMPS 


Robbins & Myers, 
Springfield, Ohio 


Inc., 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 
waukee 4, Wis, 


Arrow-Hart & Hegeman minsttte Co., 108 | 


Hawthorne, Hartford 6, 
Automatic Electric Sales 
lake, II, 
Clark Controller >. 
a 10, 
@-Hinds Co., 
Cutler. Hammer Inc., 
Milwaukee 1 


North- 
152nd, 


onn, 
Corp., 
1146 E. 


— iz. F, 
1264 St, Paul Ave., 


, Wis. 
— Electrie Co., 1024 McKee, Batavia, | 


enna Electric Co., 
Div., Schenectady 5, 
Micro Switch, A Div. of Honeywell, Free- 


port, Ill, 

National Acme Co., 176 E, 131st, Cleve- 
land 5, Ohio 

— Condenser Co., Control Div., Cam- 

aa D Co., 4041 N, 
kee 12, Wis. 

Stromberg- Carlson, A D 

amics Corp., 117 

Rochester 3, N. Y. 

Ward Leonard Electric Co., 
Mount Vernon, N, 

Westinghouse Freciric Py 
Center, Bldg. No. 3, 
Pittsburgh 30, Pa. 


ta aratus 


of General 
Ison Rd., 


34 South, 
Gateway 


iberty Ave., 


‘iv, 
Car 


PYROMETERS 
Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J, 
Barber-Colman 


Wheeleo Instrument Div. 
Co., 14038 Rock, Rockford, Ill, 


308 N. La- | 


Pump Div., | 


1316 8S. Second, Mil- | 


Saler | 


Richards, Milwau- | 


Newport 


Pa. | 
Chicago ‘Aerial Industries, | 
Melrose 


SPECIFY STA-KON 


SELF-INSULATED TERMINALS! 


Take advantage of 
e@ lowest installed cost 
@ pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints . . . large contact areas... tough, 
stable Nylon insulation ... and a permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate #22 through 
#10 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 
INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 
Circle 302 on page 17 


DANO 


puts performance 
into every coil! 





e Regardless of type or quantity, 
| every coil is quality manufactured 
to your exact specifications. 


3 ae! 


* Encapsulated * Paper interleave 
* Bobbin * Cotton Interweave 
* Form Wound 
* Vacuum impregnated 
* High Temperature Application 
Also, Transformers Made To Order 


WRITE TODAY! Your inquiries are in- 
vited. Dano will analyze your coil prob- 
lems. No obligation. 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 














Circle 303 on page 17 





FILM CAPACITORS 
> Waa . a ot | 


~ 


WIDEST 
RANGE OF 


PRECISION 


The widest range of 


time-tested stabilized precision capaci- 
tors available with polystyrene, polyethylene, teflon, 
and mylar plastic film dielectrics. Designed for critical appli- 
cations. FC! Capacitors have high insulation resistance, low 
power factor and dielectric absorption, and are available 
in a wide variety of capacitance values, tolerances, 
casings and sizes. Write for FREE CATALOG 


showing complete line. 


fci 


FILM CAPACITORS, 


“3405 PARK AVENUE - NEW YORK 56, N. Y. 


Circle 304 on page 17 








318 Washington Street Mt. Vernon 


292 


4 
e 
. 


4) 
) 
€). 
5 


TN 


ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


LAMINATED AND INLAID METALS 


Circle 305 on page 17 








QUARTZ, FUSED 


a Industries Inc., Amersil > an 
, 685 Ramsey Ave., Hillside 5 » N, 


REACTORS. See Transformers, 


RECORDER COMPONENTS, MAGNET- 
iC, See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electroni ic, 


RECORDERS, GRAPHIC 
See Instruments. 


RECORDERS, OSCILLOGRAPHIC 

Midwestern Instruments, 41st and Sheri- 
dan Rad, Tulsa, Okla. 

Sanborn Co., Industrial Div., 175 Wyman, 
Waltham 54, Mass. 


RECTIFIERS, SEMICONDUCTOR 


Fanstee] Metallurgical Corp., Rectifier 
North Chicago, Ill. (Selenium) 

Electric Co., Apparatus Sales 

Div., Schenectady 5, N. Y, (Selenium, 
Industrial Germanium) 

le Co., Semiconductor 





rk, 8 1, 


a 





an 
ws 930 Pitner Ave., 


on, 
incernational Rectifier Corp.. 1521 E. 
Grand A El Segundo, Calif. (Selen- 
lum, Ft A, Silicon) 
International 


lyn 

. (Germanium Diodes, Selenium) 

Sarkes bart me Inc., Rectifier Div - 

M- 'N. Gollege Ave., Bloom- 
ince. “Ind, 

Ther Electric & Machine Works, 11A 8. 

(Selenium) 
Corp., Wakefield, 


Vickers Electric Div., Vickers Inc., 1803 
Locust, St, Louis 3, Mo 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RECTIFIERS, TUBE TYPE 

Amperite Co., Inc., 561 Broadway, New 
York 12, N, Y. 

meetin, Inc., 127 Sussex Ave., Newark 


General Electric Co., > as Sales 
Div., Schenectady 5, 

RCA Electron Tube Dine Radio Corp. of 
America, Harrison, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor, 


REGULATORS, VOLTAGE. See also 
Transformers, Variable Voltage. 


so ee Corp., 356 Water, Cuba, 


Amperite Cr, Inc., 561 Broadway, New 
York 12, N. Y 

Curtiss-Wright Corp., Carlstadt, N. J. 

Fidelity Instrument Corp., 1000 E, Bound- 


Co,, Apparatus Sales 

Schenectady 5. N, 

Semiconductor Div. of Hoffman 
Corp., 930 Pitner Ave., 


R-B-M “‘Control”” Div., Essex Wire Corp., 
Logansport, Ind., 

= Sjestate Co., 4633 W. 16th, Chicago 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Qhio. 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St, Louis 3. Mo. 

Westinghouse ae Corp., Gateway Cen- 
ter, Bldg. No, 3, Liberty Ave., 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 

sree, Inc., 50 State, Mankato, Minn. 
Div, of Elastic Stop Nut Corp. 

¢ te 1027 Newark Ave., Elizabeth 


, 1168 N. Michigan, 


ry) 
Advance Relays, A Det, % Elgin Na- 
tional Watch Co., as 1, 
_—- ty my! . 1316 8. Second, Mil- 


allied Control Cb., 7: 2 East End Ave., 
ork 21, N. 


‘Inc., Ser Broadway, New 
Yor 5 Y, (Delay Thermostatic 
Metal Bulb Type) 
Anderson Controls, Inc., 9959 Pacific Ave., 
anklin Park, Ill. 
Arrow-Hart & Hegeman Dlectric Co., 103 
Hawthorne, Hartford 6, Conn. 
a Electric Sales Corp., North- 
ake, ‘ 
Automatic Switch os 50-M Hanover Rd., 
Florham Park, . 
— Colman Co., 1803 Rock, Rockford, 


curs & Co., C, P., 3101 Pratt Bivd., 
Chicago 45, Til. 


Comar Elec ae Co., 3349 Addison, 
Chicago 18, 
Cramer Controls Te.. Box 8, Centerbrook, 


in. 

Curtiss-Wright Corp., Carlstadt, N. J 
(Time Delay) 

Cutler-Hammer Inc., 1264 St, Paul Ave. 
Milwaukee 1, Wis. 

Durakool, Inc., Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, Ill, 

Electro Tec Corp., South Hackensack, 


N. J, 

Filtors, Inc., 30 Socmpere Hill Dr., Port 
Washington, . N, 

G-V_ Controls i 48 Holiywood Plaza, 


.. Apparatus Sales 

Schenectady 5, N. Y. 

Guardian Electric, 1627- W. Walnut, 
Chicago 12, Ill. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., age d 1, Co 

ey SS N. Elm, Water- 
bury 20, “Conn 

Haydon Div. of "General Time Corp., 2530 
Eim, Torrington, Conn, 

Heinemann Electric Co., 99 Plum, Trenton 
2, N. J. (Time Delay) 

Jennings Radio Manufacturing Corp., 970 
McLaughlin Ave., P, O, Box 1278, San 
Jose 8, Calif. 

Kellogg Switchboard and Supply Co., 6650 
8. Cicero Ave., Chicago 38, Ill, (Mag- 
netic Impulse) 

Kurman Electric Co., Div. of Norbute 

., Dept, EM, 191 Newel, Brooklyn 


27, 
Line Fiectrie Co., 271 8, Sixth, Newark 
8, 


Magnecraft Electric Co., 3352 W. Grand 
Ave., Chicago 51, Ill. 
Mercoia@ Corp., 420i Belmont Ave., Chi- 
1 


cago 41, Ill. 
North Electric Co., 852 8S. Market, Galion, 
i 


) 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Ill. 

Phillips Control Corp., 59 W, Washington, 
Joliet, Ill. 

Potter & Brumfield Mfg. Co., Inc., Sub. 
of American Machine & Foundry Co., 
Princeton, Ind. 

> Electric Corp., 1500 Church, Frede- 


M 
B- ie M Div., Essex Wire Corp., Logans- 
nd. 


afta. Tube Div., Radio Corp. of 
America, Harrison, N. 

Relay —-% Inc., Box 186-B, West Chi- 
cago, Ill 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio 

Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y, 

Struthers-Dunn, Inc.; Pitm N. J. 

Tung-Sol Electric Inc., Electreswiteh Div., 
Newark 4, N. J, 

Ward Leonard Electric , Om 34 South, 
Mount Vernon, N. 

Westinghouse Bioetss er Gateway 
Ceoter, Bldg. No. 3. 401 Liberty Ave., 
Pittsburgh 30, 


Pa. 
Weston Electrical Instrument Corp., A sub, 
of Daystrom, Inc., 7 Frelinghuysen 


Ave., Newark 5, N. J. 
s ve Branchport 
'L., 1580 Thomas 


Pa. 
Zenith Electric Co., 152 W, Walton, Chi- 
cago 10, IIL 


REMOTE CONTROLS. See Push Button 
Stations ; Relays and Con‘ 
Rwitches ; Controls, Pressure and 
Temperature. 


RESINS, INSULATING, See Varnishes, 
Compounds and Resins, Insulating. 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Pl., Stamford, 
Conn. 


RESISTANCE WEATING pune. See 
Heating Elements and U 


RESISTANCE LINE CORDS 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist- 
ance, 


RESISTORS, INSTRUMENT and RADIO 

Allen-Bradley Co., 1316 8. Second, Mu- 
waukee 4, Wi 

Amperite Co., Inc., 561 Broadway, New 
York 12, N, (Bi 

Centralab, 

962H E. 

Clarostat Mig. \ Dover, N. ‘n 
Cutler-Hammer Ine., 1264 St, Paul Ave., 
Miiwaukee 1, Wis. 

Daven Co., 53 36 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. 

Brie Resistor Corp., 


Erie, Pa. 
Hardwick, Hindle, Inc., 40 Hermon, New- 


International ‘Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa, 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. yl 


Electronics Div., 


ELECTRICAL MANUFACTURING 





3613 Howard, 
— Corp. of 
North 


Ohmite Manufacturing Co., 
Skokie, 

RCA Electron Tube Div., 
America, Harrison, N 
Sprague Electric Co., 307 Marshall, 

Adams, Mass. 
Square D Co., 4041 N, 
kee 12, Wis 


Richards, 


Stackpole Carbon Co., St. Marys, Pa. 

Texas Instruments Incorporated, | 6000 
Lemmon Ave., Dallas 9, Texas. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N, J. 


Milwau- 


RESISTORS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8, Second, Mil- 
waukee 4, Wis 

Cutler-Hammer Inc., 
Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. 
Route 10, Livingston, N. 

sa Resistor Corp., Electronics Div., 


General Electric Co., 
Div., Schenectady 5, } 

Hardwick, » sae Inc., 
ark 5, J. 

nceneaion 


1264 St. Paul Ave., 


Pleasant Ave., 
Erie, 


Apparatus Sales 
NY 


40 Hermon, New- 


Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa. 
Mallory & Co., Inc., P. R., Indianapolis 


6, Ind 

Ohmite Mfg. Co., 3613 Howard, Skokie, 
Il 

Sprague este Co., 307 Marshall, North 


Adams, } 
Leonard. _Blectrle , Se 34 South, 


Mount Vernon, N. 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 

Allen-Bradley Co., 1316 8, Second, Mil- 
waukee 4, Wis, 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. r § (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. HL 

Cutler-Hammer Inc., 1264 St, Paul Ave., 
Milwaukee 1, Wis 

rh Hindle, Inc., 40 Hermon, New- 


Mallory ‘& Co., ine., P. B., 
Onmite “Mt. Co., 3613 Howard, Skokie, 


ward Leonard Electric Co., 34 South, 
Mount Vernon, N, Y. 


Indianapolis 


RHEOSTATS, POWER CIRCUIT 
Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4. Wis 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Cutler-Hammer Inc., 1264 St. Paul Ave., 
E Wis, 
Electric Co., 
-, Schenectady 5, ~ + 
Hardwick, Brodie. Inc., 40 
Newark 5, J. 
National Shestrte 
Glenwood Ave., 
Ohmite Mfg. Co., 


Il 
Ward Leonard 
Mt. Vernon, N. Y. 
Westinghouse CElectric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


Apparatus Sales 
. Hermon, 
Controller Co., 7070 
Chicago 26, Ill. 

3613 Howard, Skokie, 


Electric Co., 34 South, 
: ¥ 


RHODIUM 
Engelhard Industries, Inc 
113 Astor, Newark 2, N 


Chemical Div., 


RINGS, COLLECTOR 


Electro Tec Corp. South Hackensack, 
Ergelhard Industries, Inc., E. Make- 
peace Div., / 
General Plate Div., 
Corp., 1908 Forest, 4 
Midwest Molding & Mfg. Co., 
Dr., Gurnee 96, Ill 
Nippert Electrie Products Co., 
Mound, Columbus 23, Ohio 
Toledo Commutator Co., South Chestnut, 
Owosso, Mich. 


& Controls 
Mass 
123 Rotary 


1759 W. 


RINGS, RETAINER and SNAP 
Garrett Co., Inc., George K., Torresdale 
Ave, at Tolbut, Philadelphia 36, Pa. 
Industrial Retaining Ring Co., pews, EM- 

57 Cordier, Irvington 11, N. 
National Lock Mi eas Co., 40 em. 
Newar' N. 
United States Gasket Co., Plastics Div. 
of a Garlock Packing Co., Camden 
1, N._J, 
Waldes Kohinoor, Inc., 47-16 Austel Pl., 
Long Island City, N. Y. 


RIVETS. See Fasteners, 


RIVET SETTING MACHINES 

Ciieege Rivet & Machine Co., 948 8. 
Ave., Bellwood, Ill. 

Mitra Rivet & Machine Co., Milford, 


Conn, 
Thomson Mfg. Co., Judson L., Dept, D, 


Waltham 54, Mass 


ROLLER BEARINGS. See Bearings, Ball 
and Roller, 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products Div., Western 
Felt Works, 4021-4139 W, Ogden Ave., 
Chicago 23, Ill. 


AUGUST 1958 


Auburn Manufacturing Co., 306-I Stack, 
Middletow 


in. 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, 

Dow Corning Corp., Midland, “Mich. 

Enjay Co., tome 15 West 5ist, New York 
19 v 


Co., Plastics Dept., 


Ill, 
Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill. 
Phoenix Manufacturing Co., Rubber Prod- 


ucts Diyv., Joliet, Ill. 
Stalwart Rubber Co., 160 Northfield Rd., 


Bedford, Ohio 


SAWS, COMMUTATOR, See Commutator 
Saws and Slotters, 


SCRAPER RINGS. See Rings, Retainer 
and Snap. 


SCREW DRIVING MACHINES 
Bristol Co., Socket Screw Div., 
bury 20, Conn, 


Water- 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics, 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 


Conn, 

Merkle-Korff Gear Co., 211 N, Morgan, 
Chicago 7, Ill. 

Milford Rivet & Machine Co., Milford, 
onn,. 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cement, 
Iasulating and Sealing; Waxes and Com- 
pounds. 


SEALS and TERMINALS, HERMETIC 
Advanced Vacuum Products, Inc., Div. of 
General Ceramics Corp., 430 Fairfield 
Ave., Stamford, Conn. 
American Lava Corp., 


Chattanooga 5, 
Tenn. 
Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 50, Ill, 
Cogmentin & Co, L. L., Route 46, Lodi, 


Industries, Div. of Philips 


Central Ave., 
Murray Hill, N. 
Fusite Corp.. Dept, B-2, a Fernview 
Ave., Cincinnati 13, 
General Ceramics Corp., Moose, . J 
General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. (Glass 


Bushings) 
Inc., 1010 Main, Etk- 


Hermaseal Co., 
hart, 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa. 

Kearfott Co.,_Inc., 1378 Main Ave., 
ift N, 

Phillips Control Corp., 50 W. Washing- 
ton, Joliet, Ill. 


Electrical 
Electronics, Inc., 691 


SEALS, MECHANICAL. (Rotary Shaft) 


Automatic and Precision Manufacturing 

Co.,. 252 Hawthorne Ave., Yonkers, 
Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 


SEALS, OIL and GREASE 
Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, Ill, 
Gits Bros. Mfg. Co., 1846 8S. Kilbourn 
, Chicago 23, Il, 
States Gasket Co., Plastics Div. 
of is Garlock Packing Co., Camden 
N. J. 


SELENIUM RECTIFIER. See Rectifiers, 
Semiconductor, 


PRODUCTS. See 


SEMICONDUCTOR 
Rect Transistors 


ifiers, _ Semiconductor; 
and Crystal Diodes 


SERVOMECHANISMS 
ehros, ete.) Also see 
Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Som- 
erville, N. J. 
Helipot ‘Corp., Div. 
ments Inc., P, O 
Beach, 
Inland 


(Controls, Syn- 
otors, 


of Beckman _Instru- 
. Box 458, Newport 


Calif. 
Motor Corp., Dep w. 
ashington Ave., Pearl! hives’ x” , 4 
Kearfott Oo, , Inc., 1878 Main Ave., Clif- 


ton, N. 
Oster Manufacturing Co., John, Avionic 


.. Div. of Electro-Devices 
. 4 Godwin Ave., Paterson 1, N. J. 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div. 
¢ qe aes Packing Co., Camder 


SHEAVES. See Drives, Belt. 


SHEET METAL FABRICATORS 


Cox Co., H. F., 601 Ottawa Ave., N. W. 
Grand Rapids 2, Mich. 





with Built-in Resistor “2° 


(a patented DIALCO feature) 


and the NEW High Brightness 
Neon Glow Lamp NE-51H 


// 


TIMES 
BRIGHTER 


A New Advance in Pilot 
Light Design by DIALCO: 


Three basic advantages are in- 

corporated in this series of 

DIALCO assemblies: (1) Built-in 

resistor for direct use on 125 

to 250 volt circuits... (2) New 7X 

plastic lens designed to give [ , h 
attractive “halo” effect... 

(3) New High Brightness Neon 
Glow Lamp NE-51H. This lamp 
may be operated at about 3 
times the level of current 

that may be applied to the standard lamp, and it will pro— 
duce 8 times as much light—with long life! Very low 
power is required, less than 1 watt on 250 volt circuit. 
Recommended for AC service only. 


In the DIALCO assembly, the built-in current limiting 
(ballast) resistor (18,000 ohms) is completely insulated 
in moulded bakelite and sealed in metal (U. S. Patent No. 
2,421,321) ... Small space required—units are available 
for mounting in 9/16” or 11/16” clearance holes... A wide 
choice of optional features includes lens styles, shapes, 

and colors; terminal types; metal finishes, etc. ... Meet 
applicable MIL Spec and UL and CSA requirements. , 


All Assemblies Are Available Complete with Lamp 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. 


Ser ee Liutts (©) for NE-S1M Neon lamp C) Sub-Miniatures (2 Oil-Tight 


Catalog No. 
132-408-991H 


NE-51H 


Position 


— 


Address 


44 STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7-7600 


Circle 306 on page 17 293 





NATIONAL LOCK 


CONUS 
| HINGES 


for all types 

of appliances, 
cabinets and other 
metal applications 


UNEQUAL WINGS — PARALLEL HOLES 
(ON SPECIAL ORDER) 


SPRING HINGES 


Available in steel, brass, stainless steel 
and aluminum, National Lock hinges 
are offered with equal and unequal 
wings .. . 34,” to 4” widths up 
to 96” lengths with and without 
holes. Write for complete information. 


HANDLES - PULLS - 
CATCHES - HINGES - SCREWS 
CABINET HARDWARE - BUTTS 
SPECIAL-PURPOSE FASTENERS 


LATCHES 


NATIONAL LOCK COMPANY 


Rockford, Illinois 


Circle 307 on page 17 





Hoffman Engineering Corp., Dept. EM-91, 
Anoka, Minn 

Keystone Mfg. “Co., 23358 Sherwood Rd., 
Warren, Mich 

Kirk & Blum 3122 


_Manufecturing Co., 
Forrer, i 


Cincinnati 


= ELECTRICAL. See Steel, Elec- 


tri 


SHIELDS, ELECTRON TUBE 
Magnetic <i | Co., Hayes Ave, at 2Ist, 
Camden 1, 
Magnetics, Inc., x 


“Box 391, Butler, Pa. 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div., 36 8, 
Wabash Ave., Chicago 3, Il. 


SIGNAL DEVICES 

Crouse-Hinds Co., Syracuse 1, N. 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Beach, N. J. 


SIGNAL 
Lights, 


LIGHT ASSEMBLIES. 
Pilot and Indicater, 


See 


SILICON DIODES. Sce Transistors and 
Crystal Diodoes 


SILICONES 

Auburn Manufacturing Co., 
Middletown, Conn 

Continental-Diamond Fibre, A Sub. of 

e Budd Co., Newark 13, Del. 

Dow Corning Corp., Midland, Mich. 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 

Insulation Manufacturers Corp., 565 W. 

Chicago 6, Ill 


Washington Bivd., 
National Vulcanized Fibre Co., Wilming- 
Wood- 


306-I Stack, 


ton 99, Del, 
Natvar Corp., 207 
bridge, N 
amr Fibre Co., 


Randolph Ave., 


Norristown, Pa. 

Union Carbide Corp., Silicones Div., 420 

Lexington Ave.. New York 17, N. Y. 

Varfiex Corp., 309 N. Jay, Rome, N. Y. 

SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points, For Solder, 
see Brazing Alloys, Silver. 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N r 

Deringer Metallurgical Corp., 8111 Mon- 
ticello Ave., Skokie, Ill 

Engelhard Industries, Inc 
Platinum & Silver Div., 231 N. 
road Ave., Newark 5, 

Fansteel Metallurgical Corp. ; 


American 
J. Rail- 


North Chi- 
cago, 
General 
Corp., 


a tl - 


ll. 
Plate Div., 
1908 Forest 
Harman, 82 
Y 


Metals and Contrels 
Attleboro, Mass. 
Fulton, New York 


Mallon: & Co., Inc., P. R., 
6, Ind. 


Indianapolis 


SLEEVE BEARINGS. See Bearings and 
Bushings, 


SLEEVE, SATURATED. See 
and Sleeving, Braided Fabric, 


Tubing 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 
see aie, Box 14, New York 16, 


SLIDE ASSEMBLIES 


Chassis-Trak Inc., 525 8. 
dianapolis, Ind. 


Webster, In- 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N, J, 


SLIP RINGS. See Rings, Collector, 

SLOT INSULATION. See Fabrics, Insu- 
lating; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric, 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 
Hartford 5, Conn. 


133 Sheldon, 


SOCKETS and ADAPTERS, RADIO, See 
Plugs and Receptacles, 


SOCKETS and RECEPTACLES, LAMP 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne. Hartford 6, Conn. 
—— Electric Sales Corp., 


Ii. 
cire ie F Mfg. Co. 
Dialight cu.. 

lyn 37, N, ¥. 
Drake Manufacturing Co. 
bard, Chicago 22, Ill. 
General Electric Co., 3 .—? Mate- 
rials Div., Bridgeport 2, Co 
United States Gasket Co., Plastics Div. 
f ag Garlock Packing Co., Camden 1, 


North- 


Trenton 4, N. 
44 Stewart me ” Brook- 


1711 W. Hub- 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auriliaries, 


SOCKETS, VACUUM TUBE 

Amphenol Electronics Corp., 1380 8, 54th 
Ave., Chicago 50, Ill. 

Mycalex Corp. Ce America, Clifton Blvd., 
Clifton, N, J 

United States Gasket Co., 
The Garlock Packing Co., 
N. J. 


Plastics Div. of 
Camden 1, 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 

(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Co., Sub, of Ken- 
Copper Corp., Waterbury 20, Conn 
yi , Wire and Cable Div., 
_Aoparetee Sales 
, Schenectady 5, 
& Harman, 82 


Fuhen; New York 


4209 Wrightwood Ave.. 
1537 North 


Kester ‘Bolder C., 
Chicago 39, 
London Ceeestcal "Co., Ine., 
8ist Ave., Melrose Park, 

National Lead Co., 111 
ork 6, N. Y. 


Ii. 
Broadway, New 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 
General Electric Co., Apparatus Sales Div., 
Schenectady 5 e 
Mass. 


Vulcan Electric Co., Danvers 2, 


SOLDERLESS CONNECTORS, See Con- 


nectors, Wire and Cable, 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 

Handy & Harman, 82 Fulton, New York 
88, N. Y 


Kester Solder Co., 
Chicago 39, Ill. 


4209 Wrightwood Ave., 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Alloys. 
Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill 
London Chemical Co., 
Melrose Park, Iil 
National Lead Co., 111 
York 6, N. Y. 


1537 N, 3ist Ave., 


Broadway, New 


SOLENOIDS 
Allen-Bradley Co., 
waukee 4. Wis. 
Anderson Controls, In 995 
Franklin Park, Il 
Automatic Electric 

lake, Ill. 
Automatic Switch Co. 
orham Park, N. J. 
Cannon Electric Co., Dept. 500, 
Humboldt, Los Angeles 31, Calif, 
Comar Electric Co., 3349 Addison, Chicago 
18, 


1316 S. Second, Mil- 


9 Pacific Ave., 


Sales Corp., North- 


'y 50-M Hanover Rd., 
3209 


Controls Co. of America, 9551 Soreng 
Ave,, Schiller Park, Ill 

Cutler-Hammer, Inc., 1264 St. 
Milwaukee 1, Wis 
Pittsburgh 22, Pa. 

Detroit Coil Co., 2435 Hilton Rd., 


Paul Ave., 


Detroit 


c 

Dormeyer iadortrien, 3424 Milwaukee Ave., 
Chicago 4 

General 
Div., Schenectady 5 

Guardian Electric 16 
Chicago 12, Ill 

Leland, Inc., G. H., 
2, Ohio 

National Acme Co., 


1260 N. 
‘tn 
Phillips Control Corp., 
Joliet, Ill. 
R-B-M Div., 
port, Ind, 
Relay — Inc., 
cago, . 
Rolenoid, io me 
City, C 


Electric Co Sale 


Apparatus 


N 
27-3 W Walnut, 


123 Webster, Dayton 


176 E. 131st, Cleve- 


Clybourn Are., 
59 W, Washington, 


Essex Wire Corp., Logans- 


Box 186-B, West Chi- 
O. Box 1124 Culver 


Struthers-Dunn, Inc., Pitman, N. J. 
Westinghouse Flectric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 


SPEED INDICATORS. See Tachometers. 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind, 

Century Electric Co., 1806 Pine, St, Louis 
8, Mo. 

Dynamatie Div., 3307 

Kenosha, Wis. 

Apparatus 


Eaton Mfg. Co., 
Fourteenth Ave., 

General Electric Co., 
Div., Schenectady 5, N. 

Janette Electric Mfg. Co., 


Sales 

Morton Grove, 

Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44 

Metron Instrument Co. 457 
ver 3, Colo 

Reeves Pulley Co., 


SPRINGS, COIL and FLAT 


American Stee] & Wire Div., U, 8S. Steel 
, Rockefeller Bidg., Cleveland 13, 


Lincoin, Den- 


Columbus, Ind. 


Ohio 
Associated Spring Corp., Bristol, Conn. 
B-G-R Div., Associated Spring Corp., 
Piymouth & Ann Arbor, Mich, 

Barnes Div., Wallace, Associated Spring 
Cerp., Bristol, Conn Re 
Chatillon & Sons, John, 85 Cliff, New 

York 38, N. Y, 


ELECTRICAL MANUFACTURING 





Dudek & Bock Spring Mfg, Co., 4016 W. 
Grand Ave., Chicago 51, Ill. 

Dunbar Bros, Div., Associated Spring 
Corp., Briscol, 

Garrett Co., Inc 
Ave., at Tolbut, 

Gibson Div.. William D., 
Spring Corp., 1800 Clybourn Ave., 


Electric Co., Old Wm. 
Highway, Delmont, Pa. 
Hunter re Co., 22 Spring Ave., Lans- 
dale, 
Instrument Specialties Co., Inc., 244 Ber- 
Little Falls, N. z (Beryl- 


. Co., 2646 W. North 

, Chicago 47, DL 
Manross & Sons Div., 
Spring Corp., Bristol, Conn 
Milwaukee Div., Associated Spring Corp., 


Milwaukee, Wis 
Ohio ey ey ‘Associated Spring Corp., 
Associated Spring 


George K., Torresdale 
Philadelphia 36, Pa. 

Associated 
Chi- 


Penn 


. Associated 


Dayton, 
Raymond 3 


Sorp., Corr: 
Seaboard Pacific Div. 
Corp., Gardena, Calif 


ee ° 
Associated Spring 


STAINLESS STEEL. Seo Steel, Commer- 


cial Forms and Grade 


STAMPINGS, METAL 

Auburn Manufacturing Co., 
Middletown, Conn. 

B-G-R Div., Associated Spring Corp, 
Plymouth & Ann Arbor, c 

Barnes Div., Wallace, Associated Spring 
Corp.. Bristol, Conn. 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp., er Plymouth Rd., 

of Ken- 


Plymouth, Mic 
Chase Brass & Cs er Co.. Sub. 

1 Copper rp., Waterbury 20, 
8111 Mon- 


. 4016 W. 
n, Aitorlated Spring 
Div., 


300-I Stack, 


Deriager peotetseraioat Corp., 


, Ske 


‘Coe, Electronics 
Co., Erie, Pa. 
nec., George K.. Torres- 
at Tolbut, Philadelphia 36, 
William D., 
1800 Clybourn 


Kenilworth 1, N. J. 
4730° Madison 


Co., 3122 


4808 Union, 


Resistor 

Erie. Pa. 
Fryling Mfg. 
Garrett be 
dale Ave. 


Pa 
Gibson Div., 
Spring Corp., 
Chicago 14, Til. 
Heyman Mfg. Co., 
Iisco Corp., Dept. F-4. 
Rd., Cincinnati 27, Ohio. 
Kirk and Blum Manufacturing 
‘orrer, Cincinnati : ho. 
nc 


Associated 
Ave., 


Laminated Shim i 
Glenbrook, Cor 
Lawie Spring & Mtg. Co., 2646 W. North 
Ave., Chicago 47, 
Meee 0 ‘Tool and Manufacturing Co., 4021 
i N., Associated 
N. Morgan, 
” Associated Spring Corp., 
8. 
Co., Middletown, 
Associated Spring 
Xssociated 
Seaboard Pacific Div., 
Corp., Gardena, Calif. 
“ylvania Electric 
Broadway. New N. 
United-Carr Fastener Corp., 


42, Mass. 
Wenco Mfg. Co.. 1186 West 


Chicago 22, II? 


Milwaukee Div.. 
Milwaukee, 
Conn. 
Corp.. 
Spring 
Spring 
1740 
Y. 
Cambridge 
Hubbard. 


Associated 


STAMPINGS, NON-METALLIC 

Auburn Manufacturing Co., 306-I Stack. 
Middletown. Conn. 

oe -Diamond Fibre, A Sub of The 


. Inc., Newark 18, Del. 
Fryling Mfg. Co.. Erie, Pa. 


STARTER. PLpoagesent. See Fluo- 
escent Lamp Auxiliaries 


MOTOR, .. Caen. 


STARTERS, 
Motor Butten Stati 


. Push 
STEATITE. See Ceramics. 


STEEL (Commercial Forms and Grades) 
Alloy (A) 
Bars (B) 
Car 


Coated 
Enameling 


Stainless 

Cold Rolled Only 

Sheets and Strips 

Tubing 

(See also Steel, 

Ky. 


Oliver 


Acme-Newport Steel Corp., Newport, 
(ADES) 
aeneee Ludlum Steel Corp.. 
Pittsburgh 22, on (NB) 
—" Steel & Wire Div.. 8. 
kefeller Bidg., Cleveland” st 
Ohio (NS) 
Barnes Div., 


Wallace, Associated Spring 
Corp., Bristol, — A, = (Spring) 
Chase rass Co., ub. 
Kennecott Copper ‘Car. Waterbury 20. 
Conn. (N) 
Columbia-Geneva Steel Div., U. 8S. Steel 
San Francisco, Calif. 
Wilbur B., 1875 McCarter 
Newark, N. J. (Stalpless 
Steel Wire) 


AUGUST 1953 


Laughlin Steel Corp., 
Youngstown 1, 


Jones & 
Steel _Div., 
(ACDNOS) 

Jones « Sg re Steel Corp., 


Strip 
Oni 


Stainless 
Box 4606, Detroit 34, 
Stay 
National Tube Div., U. 8. Steel corp.. 
Pittsburgh, Pa. 
Tennessee Coal & Iron Div., U. 8S. Steel 
Re Fairfield, Ala. 
Steel Corp.. 525 William Penn PIl., 
‘Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strip: 

Acme- Newport Povey mG Newport, Ky. 

Allegheny Ludlum Steel Corp.. Oliver 
Bidg., Pittsburgh 22, Pa. 

Armco Steel Corp., 1378 Curtis, Middle- 
town, Ohio 
Republic Steel 5926, 1441 
Republic Bidg., 
U. 8. Steel Corp., 
Pl., Pittsburgh 30, 


Corp., Dept. 
Cleveland 1 


no 
525 William Penn 
Pa. 


RELIEFS. 
Strain Relief. 


STRAIN See Grips and 


Clamps, 


STRIPPERS, WIRE 


Artos Engineering Co., 2737 8. 28th. 
Milwaukee 7, W 


8 
in.. 1668 8. Clinton, Syra- 
445 Elm. Syca- 
more, 1. 
Londen Chemical Co., Inc.. 1537 N. 3lst 
Ave., Melrose Park, Ill. (Solvent) 


Wenco Mfg. Co., 1136 West Hubbard, 
Chicago 22, Tl.” 


q 


cuse . NN. . 
Holub Industries, Inc., 


STRIPS, BLOCKS and BOARDS. 
TERMINAL 


P Incorporated, _— Eisenhower 
Bivd., Harrisburg. 
American Lava Corp. . 

Tenn. 
Audio Development Co., 
South Minneapolis 
Buchanan Electrical 
Route 22. Hillside 
Burndy Corp., Omai 


” Chattanooga 5. 
geee 13th Ave.. 


Products Corp., 225 


Div., Norwalk, 
n. 

Cambridge Thermionic Corp., oy Con 

cord Ave., Cambridge 38, Mas 

Curtis Development & Mfg. Co. 3266 
N. 33rd. Milwaukee 6, Wis. 

Citler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Hart Manufecturing “Co., 211 Bartholomew 


Ave.. Hartfor: in. 
Dept. F-4, 4730 Madison 
neinnati 23, 


Iiseo Corp., 
° 
Jones ‘Div., Howard B., Cinch Mfg. 
icago 24, Ill 
Molex Products Co., Brookfield, Ill. 
Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 
Stromberg-Carison, A Div. of General 
Dynamics Carp., 117 Carlson Rd., 
nao | N. ¥ 
Inc., 28 Butler. 


& iets | om 
Co.. Plastics Div. 


Elizabeth i. Be 
United States Gasket 
- nS. Garlock Packing Co., Camden 


Corp.. 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) 
Magnetic 

Mercury 

Pressure 

Thermal 

Time 

Transfer 

Vacuum 

Canopy and Fixture 
Foot 


Heater (Series Multiple) 
Jack, Key and Lever 
Panel 
Snap (Toggle, 
Notary 
mace dl 
Selec 
Through. Card 
Coa 
Motor’ Speed Control 
Rota: 


Slide, 
Control 


(Snap) 


Coin 
Push Button 


See also Circuit 
Stations; Controllers, 
Timers, 


Button 
Relays: 


Breakers; Push 
Motor; 


AnMCO. Inc., 50 State, Mankato, Minn, 


) 

Adams & Westlake a. 1168 N. Michi- 
gan, Elkhart, Ind. (I 

Allen-Bradley Co., isle. 8 Berend, Mil- 
waukee 4. Wis, (ACEFJPR 

Allied Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. (CDGHR) 

Anderson Controls, Inc., 9959 Pacific Ave., 
Franklin Park, Ill 

Atrow- Hart Hegeman Electric Co., 103 

—, Hartford 6. Conn, (AC Duk 


North- 


Aveo Electric Sales Co ve. 
. mM, eee te eae Tacs 
Automatic Switch . 50-M Hanover Rd.. 
Florham Park N. 1 
aie Div. of Globe-Union te , 
r Keefe Ave., Milwaukee 1, 


(NSW) 
Circle ik Mfg. Co.. Trenton 4. N. J 
(KPWY) 
P., 3101 Pratt Bivd.. 
(sw) 
1146 E. 152nd, Cleve- 
3349 
erica, 9551 Soreng 
* . (ABELPS) 
Cramer Controls Corp., Box 8, Center- 


brook, Conn. (C) 
Crouse-Hinds Co., N. 
(DPSV) 


962H 
Wis. 


Clare & Co., C. 
Chicago 45. Til 
Clark Controller Co.. 


Addison, 


Syracuse 1, 

















MINIATURE rT are | 
SUB-MINIATURE MOTORS 





1-24 Volts— 
Up to 1/50 H.P. 
Various Models 
e 1-6 volts 230-340 miliamperes / in Stock. 


e Permanent Magnet type motor / 
e 5000 r.p.m. on 1 Y2 volts j Motors to Your 
e Nylon bearings — 

quiet operation / - Specifications at 
e No lubrication required Low Cost. 


Immediate Delivery 


UNDER 20¢ 


in Quantities 


MOEN 


Liy:-V911, (cm aon 
Circle 308 on page 17 


ea. / 
Write for complete information. 


7 WEST 24th STREET 
New York 10, N. Y. 
AL 5-1488 














NEW MOLDED CORONA os 


insures uniform 
and 
minimum loss 





Precision molding provides the proper thickness of deposit 
each and every time on the transformer winding. Uniformity of 
barrier thickness assures minimum and uniform corona loss. 
Ideal for TV flyback transformers. 


a | WA X 3442 Howard Street 


- Skokie, Illinois 
Corporation 


SEND FOR 

TECHNICAL 
BROCHURE 
Phone AMbassador 2-3339 


Circle 309 on page 17 


% Ty ete og et Seed 


Solderless 





BRET ET ae 


Easy to Apply 
’ No Special Tool Needed 


a One-Piece Consiruction 


meen | & — INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 


eo 


Write for 
Bull. tin 8-DF 


Circle 310 on page 17 








Dress Up Your Products 
with these 


NEW 
KNOBS 


Designed by Robert Podaii 


Featuring metal inserts of 
chrome, copper, satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 K. Monticello * Skokie, ill. 
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Reprints now available 
on Ira Ritow’s 


practical guide to 


Slide-Rule 
Mathematics 


This two-part article, concluded in the April 
issue, offers a really practical treatment of the 
theory and use of the engineer's prime com- 
puting instrument, the slide rule. It includes 
well illustrated instructions for the use of all 
ee slide rule scales and the circular 
rule. 


Reprint copies of the complete article are avail- 
able at $1.00 each; in quantities of five, 90 cents 
each; in quantities of twenty-five, 75 cents each. 
Send remittance, adding 3 per cent for New York 
City delivery, to "Reader Service Department, The 
Gage ot —— 1250 Sixth Avenue, 
New York 20, N 











Curtiss Wright Coss. Costotedt. . J. (F) 
1264 &. * ul ‘Ave., 

(EGLPW) 
ww Mt. Pleasant Ave.. 

e 10. Livingston, N. J. (8) 
Detroit Controls Corp., Div. of American- 
Standard, 5900 Trumbull Ave., Detroit 
8. Mich. (P) 

Durakool, Inc., Elkhart, Ind. (D 

Eagle Signal Corp, 202 20th, Moline, Til. 


(G) 
a Snap Switch and Mfg. Co., 4238 
Lake, Chicago 24, Ill. (BNOPSVWY) 
Electro: Seth Corp., Weymouth 88. Mass. 


Furnas Electric Co., 1024 McKee, Batavia. 
Ill. (ABCEFLO) 
G-V Controls, Inc., 8 Hollywood Plaza, 
ast Orange, N. J. (FG) 

General Electric Co., Construction pe 
terials Div.. Bridgeport 2, Conn. (S 
General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y. (ABCDEFGHJK 

MNOPRSTU vwy 

Guardian Electric, 27- y. Walnut 
Chicago 12, IIl. v 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn. ( RSU) 
Haydon Div. of General w Corp., 253( 
Elm, Torrington, Conn, 

1s | Electric Co., 93° Plum, Tren- 
n ( 


ton 2, N. J. (0) 
Hetherington, Inc., 1200 Elmwood Ave., 
Sharon Hill, Pa. (P) 
Jennings Radio aes a Corp., 970 
cLaughlin Ave., P. 0. Box 1278. San 
Seco 8. Ca 
Relens Switchboard and Supply Co.. 6650 
Cicero Ave.. Chicago 38, Ill. (S) 


(Cross ar) 
Leland, ine., G. H., 123 Webster, Daytor 


2. Ohio 
Mallory & Co., aoe P. R., Indianapolis 
Ind. (GNPSW 

Mechanical Industries Production Co., 21) 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
eago 41, Ill. (ABCDEF) 

Micro Switch, A Div a Honeywell, Free 
port, Ill. (BDFLS 

National Acme Co.. ie E. 13lst, Cleve 
land 5, Ohio (BPY) 

North Electric Co., 852 S. Market, Galion 
Ohio (W) 

os — Co., 1260 N. Clybourn Ave., Chi 

10, Til. (NWZ) 
Otimite Nite, con 3613 Howard, Skokie 


8) 
— B-M Dir., Essex Wire Corp., Logans- 
Relay Sales Inc., Box 186-B, West Chi- 


Robertshaw- Fulton Contess Co., Acro Div.. 
Columbus 16, Ohio ( 

Spencer Div., Metals & Controls Corp., 
3608 Forest, Attleboro, Mass. (EF) 
Square D Co., 4041 N. Richards, Milwau- 

kee 12, Wis. (ABCEFLOPR) 
Stackpole Carbon we St. Marys, . 
Stromberg-Carlson, A Div. of General Dy- 
namics Corp., 117 Carlson Rd., Rochester 


Rtruthere. Dunn, Ine., Pitman, N. J. 

Switchcraft, fhe., 5539 N. Elston Ave., 
Chicago $0, Ill. (N) 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. (8) 

Torq Engineered Products, Inc.. 34 W 
Monroe, Bedford, Ohio ( 

Unimax Switch Div. The W. L. Maxson 
Corp., Ives Rd., Wallingford, Conn. (D) 

Ward Leonard Electric Co., 34 South, 
Mount Vernon. N. Y. (CGHOR) 

Westinghouse tric Corp.. Gateway 
Center, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. (ABCDEFGHLOPS) 

Zenith Electric Co., 152 W. Walton. Chi 
cago 10. Ill. (HR) 


SYNCHROS. See Servomechanisms. 


TACHOMETERS 

D & R Ltd., 402 E. Gutierrez, P. O. 
Box 1500, Santa Barbara, Calif. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, } 

Metron Instrument Co., 457 Lincoln, Nen- 


"leetric & Engineering Co.. 
. 276-A, Cleveland 17, Ohio 
Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark N. J. 


TAGS, TERMINAL 

Kattenal Band & Tag Co.. P. O. Box 
9-254, Newport, Ky. 

Natvar ea 6 Randolph Ave., Wood- 
bridge, N. J. 


TANTALUM 


Wenstect pistearatesl Corp.. North Chi- 
cago. 
a me & Co.. Inc., P. B., Indianapolis 


TAPE, Aonesive and COIL 
FASTENING 
Insulation Manufacturers Cme.. 
Washington Bivd., Chicago 
eo Manville, Dutch 
0 Woodlawn Ave., 
oi. Mining & Mfg. be 
Products Div., 900 Fauquier Ave., 
ul 6, Minn. 
Permacel-LePage’s Inc., State Highway 25 
New Brunswick, N. J. 


TAPE, FRICTION and SPLICE 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IIl. 
Irvington Div., Minnesota Mining & Man- 
en €o.. 9 Argyle Terrace, Ir- 
vington 

Johns-Manvilie, ‘Box 14, New York 16, 


Johns- Menville. Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Iii. 

Minnesota Mining & Mfg. Co., Electrical 
roducts Div., 900 Fauquier Ave.. St. 
Paul 6, Minn. 


TAPE, INSULATING. See Fabrics. In- 
sulating: Sleeving and Tape, Asbestos; 
Tape. Friction and Splice; Tape 
Sheeting. Synthetic Resin. 


TAPE, MAGNETIC RECORDING. See 
Magnetic Recorder Components. 


TAPE, MICA. See Mica 
TAPE and SHEETING, SYNTHETIC 
RESIN 


Borden &.. Resinite Dept., Santa Bar- 
bara. Ca 

Continental- ‘Diamond Fibre. A Sub. of The 
Budd Co., Newark 13. Del. 

u Pont de Nemours & Co. (Ine Z. 
A mean Div., Porenteels Devt... wil- 
ming 8, Del 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6, Til. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace. 
Irvington 11 J. 

Minnesota Mining & Mfg. Co.. eetrtest 

. 900 Fauquier Ave., 


. Minn. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Elec- 
trical Insulation Dept.. Woodbridge. 


United States Gasket Co., Plastics Div. 
of the Garlock Packing Co., Camden 1, 
N. J. 


TAPES, MEASURING 
Keuffel & Esser Co.. Hoboken, N. J. 


TELEPHONES 

Crouse-Hinds Ce., Syracuse 1, 4 
Kellogg Switchboard and Rin Co., 6650 
S. Cicero Ave.. Chicago 38. Tl 

National Pneumatic Co., Ine., Holtzer- 
Cabot Div.. 125 Amory, Boston 19. 


ass. 

Stromberg-Carlson, A_ Div.. of General 
Dynamics Corp., 117 Carlson Rd., Ro- 
chester 3. A 


TEMPERATURE CONTROLS. See Con- 
trols, Pressure and Temperature; Relays: 
Switches; Thermometers; Thermostats. 


TERMINAL BLOCKS. See Strips. 
TERMINALS. See Lugs and Terminals. 
TESTING CHAMBERS. See Chambers. 
Test. 


TESTING INSTRUMENTS. See Instru- 
ments. Also Tools. Portable. 


THERMAL SWITCHES. See Switches. 


THERMISTORS 
General Electric Co., Metallurgical Prod- 
. 11131 E. 8 Mile Ave., De- 


c 
Vise Engineering Corp., 109 Spring- 
field Rd.. Union, N. J. 


THERMOCOUPLES 


General Electric Ce, apenas Sales Div.. 
Schenectady 5, 
Roeibeotes Reka Corp.. New Haven 4. 


Westinghouse Electric Corp.. Gateway 
Center, Bldg. 3 3, 401 Liberty Ave.. 
Pittsburgh 30. 

eston Electrical ‘Yostrument Corp., A 
sub. of Daystrom Inc.. 614 Freling- 
huysen Ave., Newark 5, N. J. 

— Instruments Div.. Barber-Colman 

1403 Rock, Rockford, Ml. 


THERMOMETERS 

Weston Electrical Instrument Corp.. A sub. 
~ Daystrom Inc., 614 Frelinghuysen 
Ave., Newar > b 

Wheelco Instruments Div.. Barber-Colman 
Co., 1403 Rock, Rockford, Il. 


TReRworiAsrtS WIRE. See Wire and 
Cable, insulated. 


THERMOSTATIC BIMETALS 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. Y. 

Chace Co., W. M., 1608 Beard Ave., De- 
troit 9. Mich 

Engelhard Industries, Inc.. H. A. Wilson 
yy ., U.S. Highway No. 22, Union, 


i. 
General Plate Div., Metals and Controls 
orp., 1908 Forest, Attleboro, Mass. 


THERMOSTATS 
} Colman Co., 1803 Rock, Rockford. 


Curtis Development & Mfg. Co., 3266 N. 
33rd. Milwaukee 6. Wis. 

Curtiss-Wright Corp., Carlstadt, N. J. 

G-V Controls, Inc., 8 Hollywood Plaza 
East Orange. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn. 

Mechanical Industries Production Co., 211 
Ash, Akron 0. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill. 


ELECTRICAL MANUFACTURING 





aNv1 


Robertshaw-Fulton Controls Co., Acro Div. 

Columbus 16, Ohio. 
Spencer Div., Metals & 
4608 Forest, Attleboro, 
’ Inc., 


Controls Corp., 
‘Lexington and 
429-33 
34 W. 


Newark, 


Still-Man My: _- Corp., 
K. 164th. New York 56, N. Y. 

Torq Engineered Products, Inc., 
Monroe, Bedford, Ohio 

Ulanet_Co., George, 420 Market, 


Corp Gateway 


Westinghouse Electric A 
01 Liberty Ave., 


Center. Bldg. No. 3, 4 
Pittsburgh 30, Pa. 
Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford, Il. 
Wiegand Co.. Edwin L., 7530 

Bivd.. Pittsburgh 8. Pa 
Wilcolator Co., 1001 Newark Ave.. 
beth. N. J. 


Thomas 


Eliza- 


TIMERS, MOTOR 
AEMCO. lInc., 50 State. 
Allen-Bradley Co., 1316 8. 
waukee 4, Wis. 
Controls Co. of Am a. 
Schiller Par l 
Controls Corp., Box 8, Center- 


. Conn 
Eagle Signal 20th. 


Mankato. Minn. 
Second. Mil- 


9551 Soreng 
Corp., 202 Moline. 


General Electric Co., Apparatus Sales Div., 
N 


Schenectady 5 

Hansen Manufacturing ‘Co., Ine., 
ton 

234 N. Elm, Water- 


2530 


Prince- 


Haydon Co., A. W.. 
bury 20. Conn 
Haydon Div. of General Time Corp., 
Elm, Torrington, Conn. 
Industrial Timer Corp.. 1411 McCarter 

Highway. Newark N. J 
Mercoid Corp., 4201 Belmont Ave., Chi- 


cago 
Box 186-B. West Chi- 


now Sales Inc.. 

ago 

Square D Co., 4041 N. Richards, Milwau- 
kee 12. Wis. 

Stromberg-Carlson, A Div. of General Dy- 


pone orp., 117 Carlson Rd., Rochester 


3 
Struthers-Dunn, Inc., Pitman, 
Ward Leonard Electric Co., 
Mount Vernon. N. Y 
Westinghouse Electric 
Center, Bidg. No. 
Pittsbureh 30. Pa 
Zenith Electric Co. 
cago 10, Til. 


N, J. 
34 South, 


"Corp.. Gateway 
8, 401 Liberty Ave., 


‘152 W. Walton, Chi- 


TIME SWITCHES, See Switches. 


TOOLS, PORTABLE 

Barber-Colman Co.. 1803 Rock, Rockford. 
Til. (Hardness Testing) 

Gardner-Denver Co., Quincy. Tl. 
matic) 

Thomas & Betts Co., Ine.. 

Elizabeth 1. N. J. 


(Pneu- 


Butler. 
iverminal “rosis} 


TRACING CLOTH, FILM and —— 

Keuffel & Esser Co.. Hoboken. N. 

Ozalid, A Div. of General Aniline & Film 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 

Electro Products Laboratories, Inc., 
. Ravenswood Ave., 

Servomechanisms, Inc. 
Brooklyn Ave., 


4501 
Chicago 40, Ill. 
Mechatrol Div., 17 
Westbury, L, 1L., N. ¥. 


TRANSFORMER Bovemes. Bee Cabi- 
nets. Sheet Met 


TRANSFER SWITCHES, See Switches. 


TRANSFORMERS, ELECTRONIC 
Acme Electric Corp., 356 Water. Cuba, 
Airpax Products Co., Ft. Lauderdale, Fe. 
Aamo Development Co., 28 od 18th Ave.. 
South Minneapolis 7. 
— Electronics & Transformer Corp.. 
De EM - Caledonia, } 
Chicaro Standard Transformer Corp., 3501 
ddison, Chicago 
Comar Electric Co.. 3849 Addison. 
Chicago 18. Ill. 
Dano Electric Co.. 93 Main. Winsted. 
Clyburn Ave.. 


1" 1901 

Nothelfer Winding Laboratories, 
Box 455, Dept. EM-6, Trenton 3, N. J. 
RCA Electron Tube Div., Radio Corp. 
America. Harrison, } 
-_— oe Co., 4633 W. 16th. Chicago 


Standard Electrical Products Co.. 2240 E. 
Third, Dayton 3. Ohio 
is Seeresanss Incorporated. 6000 
Ave.. Dallas 9, Texas. 
United" Transformer Co., 150 Varick, New 
York 13. Y. 


TRANSFORMERS, BALLAST. See Fluo- 
rescent Lamp Auxiliaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 

358 Water, Cuba, 

Chicago Standard Transformer Corp., 3501 
Addison, Chicago 18, Ill 

Comar Electric Co., Addison, 
Chicago 18, Ill 

93 Main, Winsted, 


Dano Electric Co., 
1901 Clybourn Ave., 


Acme Electric Corp., 
N 


3349 


Conn. 
Co., 


Electran Mfg. 
cago 14, Til. 
General Electric Co., Apparatus Sales Div.. 
Schenecta 5. 
om a Hectic Co., 4633 W. 16th, Chicago 


Electric Corp. 
No. 3, 401 
Pa. 


Gateway 


Woertinghouse 
Center, Bidg. jberty Ave.. 


Pittsburgh 30, 


AUGUST 1958 


Weston Electrical Instrument Corp.. A sub. 
of Daystrom, Inc., Fa Frelinghuysen 


Ave., Newark 


TRANSFORMERS, POWER CIRCUIT 

Acme Electric Corp., 358 Water, Cuba, 

Chicago Standard Transformer Corp., 3501 
Chicago 18. I 

i Co., 3349 Addison, 


Butler, Pa. 
1264 St. Paul Ave.. 


93 Main, Winsted, 
3424 Milwaukee Ave., 
1901 Clybourn Ave.. 
Apparatus Sales Div.. 


Ill. 

Control, Box "391. 
Cutler-Hammer, Inc.. 
Milwaukee 1, Wis. 
o- aces Co., 


pane Industries, 
Chicago 41. 

Electran ais. 
Chicago 14, 

General Electric Co., 
Schenectady » fA 

Hew, Duty Electric Co., Milwaukee 1. 


Nothelter Winding Laboratories. P. o Box 
455, Dept. EM-8, Trenton 3, 

RCA Electron Tube Div., + Radio Sue. 
of 


America, Harrison J. 
ar Electric Co., 1633. we "16th, Chiéago 
Il 


Stenderd | ay | i gg Co., 2240 E. 
Third, 

Ther Becsing , Werte. 11A 
8. % 4 

United ab Co., 150 Varick, New 


6454 Plymouth 


Co., 
ll. 


N 
Winectric Corp... 
.. St. Louis 14, Mo. 

Westinghouse Biectrie Corp.. Gateway 
Center. Bldg. No, 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

TRANSFORMERS, VARIABLE 
VOLTAGE 

Acme 


Water, Cuba, 


Co., 3349 Addison. 
1901 Clybourn Avve., 


Electric Corp., 358 


Chicago 1 
Hevi Duty Electric Co., Milwaukee 1. Wis 
RCA Electron Tube Diy., Radio Corp. of 
America, Harrison, N. 
Standard Electrical Products Co., 2240 E. 
Third, Dayton 3 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products Div., Clevite 
¥ . 241 Crescent, Waltham 54, Mass. 
Electric Co.. Electronics Div., 
Electronics Park, Syracuse 1. Ba 
(Germanium & Silicon Transistors) 
Hoffman Semiconductor Div. of Hoffman 
Electronics Corp.. 930 Pitner Ave., 
Evanston, 
Hughes Products, Semiconductor Div., 
International Airport Sta., Los Angeles 


45, Calif. 
International Rectifier Corp.. 1521 E. 
Grand Ave., El Segundo, Calif. 
International Resistance Co.. 401 N. 
Broad. Philadelphia 8, Pa. 
RCA Semiconductor Div. ue Corp. of 


America, Harrison 
Sprague Electrie Co., 307 Marshall, North 
Adams. Mass. 
Sylvania Electric Products, 1740 
Broadway. New York 19. 
Instruments Incorporated. 6000 Lem- 
ave.. Da 
Transitron Electronic Wakefield. 


Electric Corp., Gateway 
8, 401 Liberty Ave.. 


Ine., 


lias 9, Texas 
Corp.. 


Westinghouse 
Center, Bidg. No. 
Pittsburgh 22, Pa. 


TRANSISTOR TEMPERATURE 
CONTROLS 


Products Inc., 1116 


Dayton, Ohio 


United Aircraft 
Bolander Ave., 


TUBE PARTS (Electronic). See Elec- 


tronic Tube Components. 


TUBES. CATHODE RAY 
General Electric Co.. Tube Dept.. 


> oe Corp. of 


Schenec- 


tady 5, N. 
Re A Electron Tube Div.. 
America, Harrison, N. 


(Industrial) 
561 Broadway. New 
Tung-Sol 


‘Newark 


TUBES, ELECTRON 

Amperite Co., Inc., 
York 1 

Chatham Electronics, Div. of 
Electric Ine., Livingston, N. 

Electrons Inc., 127 Sussex Ave., 


N, 
Generai Electric Co., Tube Dept., Schenec- 


Products, Electron Tube Div., 
International Airport Sta., Los Angeles 
45. Calif 

RCA Electron Tube ie 2 Radio Corp. of 
America, Harrison, J. 

Sylvania Ry "8. 1740 
Broadway. New York 19. 
Electric Corp., Gateway 

Bldg. No. 3, 401 Liberty Ave., 

Pitteburgh 80, Pa. 


Ine... 


Westingho e 


TUBES, METALLIZED GLASS. See 
Glass. Technical. 


TUBES, Cnevecs saree. 
electric Cells and 


See Photo- 


TUBES, THERMOCOUPLE 
Kanthal Corp.. 3 Amelia Place, Stamford, 
Conn. 


TUBING, ALUMINUM. See Aluminum 


Tunes. BRASS, BRONZE and COP- 
R. See Brass, Bronze and Copper. 








WHEN THE HEAT’S ON... 


. .- you can really depend on Star THERMOLAIN® refractory porce- 
lain for exceptional performance in any electrical heating device 
you manufacture... broilers, radiant heaters, ranges, water 
heaters, foasters, coffee-makers, air heaters, rheostats, immersion 
heaters . . hundreds more! Star THERMOLAIN offers good mechani- 
cal strength plus excellent thermal shock resistance ...a com- 
bination that means long, trouble-free heating-element life and user 
satisfaction. Want the facts? Standard re- 
fractory shapes are shown on our new data 
sheet together with sizes, weights and other 
pertinent engineering data. Write for @ 
free copy. Star Porcelain Company, 
30 Muirhead Ave., Trenton 9, NJ. 


STAR 





porcelain company 


Circle 312 om page 17 





MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


JS 








@ Aluminum, steel, brass, 
or zinc. 
@ Big variety, 
styles, and sizes 
@ For aircraft, radio, tele 
. motor and 
generator monufacture, 


many 


o</ 


FREE SAMPLES AND FOLDER LISTING 
etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 
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RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 
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engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 
motor for the job. RAE offers outstanding service and 
quality in a large variety of motors in voltages up to 250, 
and up to ¥g H.P. (higher for intermittent duty) with many 
gear head motor combinations. Let us put our years of 
motor building experience to work for you. 

Send for the “'RAE"’ service sheet. 

it will help you supply the data 


necessary for recommendations and 
prices. 


Rae MOTOR CORP. 


2009 Kewaunee St 


AC/DC Universal 

DC Shunt wound 

DC Series wound 

Gear Reduction Motors 

Governor Controlled Motors 

Motors for Rheostat Control 
Circle 315 on page 17 


® Racine, Wis. 





. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
Providence 5, Rhode Island 


63 Pavilion Avenue 








TUBING, FIBRE. See Fibre, 


TUBING, LAMINATED METAL. See 
Laminated Metals, Precious and Base. 


TUBING, MICA. See Mica. 


TUBING, NICKEL and woN ALLOY. 
See Nickel and Nickel Allo: 


TUBING, PAPER 
Cleveland Container Co., 6201 
Ave., Cleveland 2, Ohio 
Continental-Diamond Fibre, A — of The 
Budd Co., Newark 13, 
Paramount Paper Tube Gorp.. "612 Lafa- 
yette, Ft. Wayne 2, Ind. 


Barberton 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 

Bentley, Harris Mfg. Co., 200 Barclay, 
Conshohocken 2, Pa. 

aac Ce.. Resinite Dept.. 


ali 
Se Diamond Fibre, A Sub. of The 
Budd Newark 13, Del. 

-— w. 


Santa Barbara. 


mM... B “Manufacturers Corp.. 
Washington Bivd., Chicago 6. 
Irvington Div., Minnesota Mining & Man- 
ee Co. 9 Argyle Terrace, Ir- 


ton - J 
por Randolph Ave.. Wood- 


Natvar Corp., 
bridge, N. J. 

Varflex Corp., 504 W. Somes, Rome, N, Y. 
Westinghouse Electri Corp., Gateway 
Center, Bidg. No. 3. 401 Liberty Ave.. 

Pittsburgh 30. Pa. 
TUBING and SLEEVING, EXTRUDED 
PLASTIC 


Borden Co., 
Calif. 

Generai Dept.., 
Decatur, 

Insulation Manufacturers Corp., 565 W. 
Washington Blivd.. Chicago 6, Ill. 

Irvington Div., ig Mining & Man- 
ufaeturing €o. 9 Argyle Terrace, Ir- 
vington 11. 

National Vuleenized Fibre Co., 
ton 99. Del. 
Natvar Corp.. 207 Randolph Ave., 

bridge, N. J. 
New Jersey Wood Finishing Co., 
Insulation Dept., Woodbridge. 
Phalo Plastics Corp., Commerciai z "Foster, 


Worcester 8, Mas 
° 8027 N. Monticello Ave., 
33-32 57th. Woodside 77. 


United States Gasket Co.. Plastics Div. of 
The Garlock Packing Co., Camden 1, 


504 W. 


Resinite Dept., Santa Barbara, 


ipsate Co., Plastics 


Wilming- 
Wood- 


Electrical 


Suflex 6 orp. 


Varfiex Corp.. Court, Rome, N. Y. 


TUBING, STEEL. See Steel, 
Forms and Grades. 


Commercial 


TUNGSTEN. See also Contacts. 
Fansteel Metallurgical Corp., North Chi- 


cago, a 
Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 


TUNGSTEN WIRE, PLATINUM CLAD 
Industries, Inc., Baker Plati- 
Astor, Newark 2, N. J 


MICA. 


Engelhard 
num Div., 113 


UNDERCUTTERS, 
Undercutters. 


See Mica 


ed TUBES. See Tubes, Cathode 
ay; , 


Tubes, Electron 


valve. MOTORIZED or SOLENOID 
OPERATED 

ian Switch Co 
Florham Park, } 

Barber-Colman Co., 


. 50-M Hanover Rd., 

x: 

“1803 Rock, Rockford, 

ls Co., of America, 9551 Soreng 
., Schiller Park, IIL 

General Electric Co., Apparatus Sales Div., 
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HEAT CONTROL — LIGHT CONTROL 
SPEED or POWER CONTROL 


close adjustment (AC or DC 


ortable Plug-in HMLUSTATS 


or APPLIANCES 


Built-in RHEOSTATS 


for MACHINES and EQUIPMENT 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave., Chicago 26, Ill. 
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Mercoid Ti “4201 Belmont Ave., Chi- 


cago 
Skinner ‘Hiectric Valve Div., New Britain. 
Electric Corp Gateway 


Sonn. 
Westinghouse 
B 401 Liberty Ave., 


Center, Bldg. No. 8, 
Pittsburgh 30, Pa. 


VARNISHED FABRICS, 
Insulating. 


See Fabrics, 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., 
Resinite Dept., 


New 
Santa Bar- 


thig Co., George C., 242 Paterson 
Ave., East ‘Rutherford. N. 
Corning orp., Midland, Mich. 
(Silicone) 
du Pont de Nemours & Co., (Inc.), E. L., 
Plastics Div., Polychemicals Dept., 
Wilmington 98. Del. 
Durez Plastics Div., 
ie 1308 Walck Rd., 
N 


General Electric Co.. pemtnates Products 
t.. Coshocton, 
a. a Corp., 565 W. 
Washington Blvd.. Chicago 6, II. 
Irvington Div., Minnesota ning & Man- 
entering Co., 9 Argyle Terrace. Irving- 


1537 N. S3ist 


Hooker Chemical 
N. Tonawanda, 


tanden Chemical Co., Inc., 
Ave., Melrose Park, Il. 


Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Oronite Chemical Co., 200 Bush. San 
Francisco 4. Calif. 

Sherwin- Williams Co., General Industrial 
Div., Cleveland 1, ° 

Union Carbide Corp., Silicones Div., 420 
Lexington Ave., York 17, Y. 

Westinghouse Corp., Gateway 
Center, Bidg. No. "3. 401 Liberty Ave.. 
Pittsburgh 30, 

Zophar Mills, hes, 112-130 26th, Brook- 
lyn 32, N. Y. 


VARNISHES, FINISHING. See Lacquers. 
Enamels, Paints and Varnishes, Finish- 
ing. 


VARNISHES, INSULATING. See Var- 
nishes. Compounds and Resins. 


V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 


Electric Corp., Gateway 


Westinghouse 
401 Liberty Ave.. 


Center, Bldg. No. 3. 
Pittsburgh 30, Pa. 


VIBRATORS 
sar Tay & Co., 
Ind 


Oak Mfg. Co., 1260 N. 
Chicago 10, Ml. 


WAXES and COMPOUNDS 

Biwax Corp., 3443 Howard, Skokie, Ill. 

Dow Corning Corp., Midland, Mich 

General Electric Co., Laminated Products 
Dept.. Coshocton, Ohio 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 

i 


Paul 6. Minn. 
Zophar Mills, Inc., 112-130 26th, Brooklyn 
$2. N. Y. 


Inc., P. R., Indianapolis 


Clybourn Ave.. 


WEDGES and PEGS, ARMATURE 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Il. 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del. 


WELDING EQUIPMENT 
General Electric Co., Apparatus 
Div.. Schenectady Y. (Are) 
Westinghouse Electric | 
Center, Bidg. No. 3, 
Pittsburgh 30, Pa 


Sales 


Corp., Gateway 
401 Liberty Ave.. 


WELD NUTS. See Fasteners. 


WHEELS, BLOWER 


Torrington Manufacturing Co., Torrington. 


WINDING MACHINES. See Coil Wind- 
ing Machines. 


WIRE AND CABLE, BARE 


American Brass Co., Waterbury 20, Conn 

American Steel & Wire Div., U. 8. Steel 
Seep... Rockefeller Bldg., Cleveland 13. 
0 

Anaconda Wire gat, Cable Co., 25 Broad- 
way, New York 4, N. 

Chase Brass & ee Co., Sub. of Ken- 
necott Copper Corp.. Waterbury 20, Conn. 

Cornish Wire Co., 50 Church, New 
York 7, N. 

Essex Wire Co.. Wire and Cable Div.. 
Fort Wayne, In 

General Cable Co.. 

York 17, 
Electric Co., Construction Mate- 

Div., Bridgeport 3, G 

Page Steel & Wire Div.. American Chain 
& Cable Co., P,O. Box 692, Monessen. 
Pa. a amd or Carbon Steel Armature 
Banding) 

Phelps Dodge Copper Products Corp., 300 
Park Ave., New York 22, N. Y. 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. 

Roebling’s Sons Corp., John A., Sub. of 
Colorado Fuel & Iron Corp.. Trenton 

1740 


‘Electric Pete, 0 
New York 


” 420 Lexington Ave., 


2, N. 
Sylvania 
Broadway. 


WIRE and CABLE, INSULATED 


Asbestos 
Rubber 
Varnished Fabric 
Thermoplastic 
Coaxial Cable 
er eg Steel & Wire Div., U. S. Steel 
Rockefeller Bidg., Cleveland 13, 
Ampnenel Electronics Corp.. 1830 8. 54th 
Ave., Chicago 50, Ill. (X) 
Anaconda Wire and Cable Co., 25 Broad- 
way, New York N. ¥, (ABCTX) 
Belden Mfg. Co., ° 
Chicago 44. Ill. 

Bridgeport insulated Wire .. 53 Brook- 
field Ave.. Bridgeport 8, Conn. (T) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 


(B 
chester Cathe Corp., Sub. of pitemnt Cop- 
.. 25 Hill, Chester, N. { ) 
Continental Wire Corp., W ailingtora. 


onn. (ATX) 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N (BT 

insulated Wire Corp., Walling- 

‘ord, Conn. (ABCT) 

Essex Wire. ‘Corp. Wire and Cable Div.. 
Fort Wayne, Ind. (BT) 

General Cable Corp., ~~ Lexington Ave.. 


New York 1 
General Electric Co., Constr 


rials Div., Bridgeport 2, Conn. 


Eastern 
f 

uction Mate- 

(&BCX) 


ELECTRICAL MANUFACTURING 





Hiteme Wires, qne., 1200 Shames Dr.. 

Microdot, Inc.. 220 Pasadena Ave., So. 
Pasadena, Calif. () 

Phalo Plastics Corp., Commercial & Fos- 
r. Worcester 8, Mass. (TX) 

Phelps Dodge Copper Products Corp., 300 
ark Ave., New York 22, N_ ¥. 
(ABCTX) 

‘ a6 Hayward Rd., 


Colorado Fuel & Iron Corp.. 
N 


Sprague Electric Co., 
Adams, Mass 

Tensolite Specialties. Inc., 
Tarrytown, N, Y. 


307 Marshall. 


West Acton, 


Rockbestos Products Corp., New Haven 4, 
Conn. (AT) 

Roebling’s Sons Corp., John A.. 
Colorado Fuel & Iron Corp., 


WIRE MAGNETIC RECORDING. 
Magnetic Recorder Components. 
Sub. of 
Trenton WIRE, RESISTANCE 
Driver Co., Wilbur B., 
Highway, Newark 4, N 
Driver-Harris Co., Harrison 
ee Corp., 


Royal Electric Corp., Pawtucket. RB. 1. 
(ABTX) 


WIRE CUTTERS and STRIPPERS. See 
Strippers. Wire. Riveralde-A Alloy Metal Div., 


Ri ide, N. 
WIRE CUTTING PLIERS and TWIST. oka 


ERS. See Pliers and Cutters, Wire. 


WIRE FORMS. See Sesings. 
Flat; Stampings. Meta 


WIRE STRIPPERS. See Strippers, 


Coll and wire TIES 
Electrovert Inc., 489 Fifth Ave., 
WIRE, MAGNET Fane ee Se Me 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, n. 
Anaconda Wire ane Coble Co., 25 Broad- 
Beldet Ms a? 463: W 
elden rf Go, 33 W. Van Buren. 
Chicago 44. Ti. and Assemblies 
Bridgeport Insulated Wire Co., 53 Brook- 
field Ave., Bridgeport 8, Conn 
Chase Brass & Copper Co.. Sub. of Kenne- 
cott Copper Corp., Waterbury 20. Conn 
Electric Auto-Lite Co., Blas and Cable 
Div., Port Huron, Mich 
Essex Wire Corp., Magnet Wire Div.. 
Fort Wayne 6, ind. 
General Cable Corp.. 


. Wire. 


WORMS and WORM WHEELS. 
Gears and Pinions. 


WRENCHES, SOCKET SCREW. 
Socket Screw Keys and Wrenches. 


420 Lexington Ave.. 


ork 17, N. ¥. YARNS, BRAIDING and SERVING. 


Flectric Co., Construction Me Fabrics, 
Div., Bridgeport 2. Cor 


Inc.. 1200 "shames Dr 
i (T) 


Insulating 


ZINC 


soreey Zine Co., 
3 Y. 


Phelps Dodge : Copper Froducts Corp., Inca New 
York 38 


160 Front. 
Manufacturing Div., Fort Wayne, Ind 


WIRING DUCTS. See Ducts, Wiring. 


Rockbestos Products Corp.. New Haven 4. 
Con 


Roebling’s Sons Corp., John A., Sub. 
Trenton 2. 


of 


North 
198 Main. 


F 875 McCarter 


N. J. 
3 Amelia Place, Stamford. 
H. K. Porter 
i. 


Wire. 


New 


WIRING HARNESSES. See Harnesses 





Slide Rule Mathematics 


Have you ordered your reprint copy of this practical guide 
to the application of the slide rule? See page 281. 











i aS | 
STEEL BLUE 


Steps Loases- 


making Dies and 


Popular 
Ges. can 
Bakelite a holding 

soft-hair brush for ae 
plying right at benc 


ckage is 


Templates 


itted ith = 


metal surface ready for = 


layout in a few minutes. 
The dark blue background 


makes the scribed lines & 


show up in sharp relief, 
prevents metal glare. In- 


creases efficiency and = 


accuracy. 
Write for sample 
on company letterhead 


THE DYKEM COMPANY 


nD KCN My Gree! 
2303F North 11th St. «© St. Louis 6, Mo. 
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Reader Inquiry Service 
Postcard return cards are provided on page 17 as a con- 
venience to the reader in obtaining— 


New Components and Materials 
Additional data from the supplier of any item reviewed. 


Literature for the Design Engineer 

A copy of any manufacturer’s publication reviewed. 
Feature Article Reprints 

Single copies of selected feature articles. 


Advertised Products 
More information on any product or service described. 
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ELECTRICAL 
INSULATING PAPER 


Dielectric strength — 300 volts per mil 

Tensile strength — 13-16,000 Ibs./sq. in 
Density: 1.30-1.35 

Thicknesses from .004 to .030” 

100% rag stock paper 

No sizing or fillers used 

“Glazed roll” finish — others available 
Can be combined with other materials 

Available in rolls, sheets or coils 


REPRESENTATIVES 


Atlanta—Brownell Distributors, Inc. 


Minneapolis—D. A. Schultz Co. 
Mobile—Russell Electric Co. 
New York—Brownell Distributors, Inc. 
Newark—Electric Motors & Parts Corp. 
Oklahoma City—Butts Electric 
Supply Co. 

Oklahoma City—John H. Cole Co. 
Philadelphia—Electrical Maintenance 

Equipment Co. 
Pittsburgh—Herbert J. Graham 
Rochester—Allied Electrical 

Insulation, Inc. 
Salt Lake City—J. R. Christensen Agency 
San Francisco—Tri-State Supply Corp. 
Seattle—Tri-State Supply Corp. 


Atlanto—Electrical Insulation Suppliers 
Boston Area—Brownell Distributors, 
Inc., Cambridge, Mass 
Boston Area—Insulating Fabricators of 
New England, Inc., Watertown, Mass 
Chicago—Federal Insulation Co. 
Cleveland—C. J. Voneman Company 
Dallas—Electrical Supply Corp 
Dallas—Summers Electric Co 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc 
Forth Worth—Electrical Supply Corp 


Hamilton, Ontario—Buntin, Gillies & 
Co., Ltd. 

Houston—Houston Industrial Supply Co 

Kansas City, Mo.—Ace Electric Co. 


Los Angeles—Tri-State Supply Corp. 


St. Lovis—Dale J. Painter 
Stamford, Conn.—J. A. Jones 
Toronto—Electric Insulation & 

Fibre Co., Lid. 
Woodbridge, N. J.—Chalker Insulation Co. 


Write for literatur~ and free sample. 


fotlrell PAPER COMPANY, INC. 


88 Purchase St. ¢ Fall River, Mass. 
Circle 318 on page 17 











COMPLETE 
YOUR 
REFERENCE 
FILES on... 


Editorial Reprints .. . 
New Materials Information . . . 


Advertiser's Engineering Data 
New Literature Available. . . 
See Page 17 


Over 50,000 individual reprint 
requests for feature articles dur- 
ing the first six months of this 
year were supplied to readers, 
free of charge. This service was 
initiated to enable you to main- 
tain your own subject files on 
engineering problems via fea- 
ture articles, new literature, new 
materials and parts and adver- 
tiser's engineering data that 
were a part of each issue. 


The most recent step, “In This 
Issue,” on page 6 and 7, is a 
brief description of each article 
in handy “file form,” allowing 
you to review each article to 
determine your degree of in- 
terest, and also build your ref- 
erence file. 


Another new step was the place- 
ment of the Reader Inquiry 
Service on page 17 instead of 
next to the back cover so that 
it would be more accessible to 
you. Keys to all editorial and 
advertiser’s engineering data in 
this issue are shown. 


These features now become a 
peo sage part ‘ ~ Reader 
nquiry Service. We hope you 
like it and find greater use for it. 





READER INQUIRY SERVICE 
NOW ON 
PAGE 17 
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AMP Incorporated 


Acme Electric Corp. 


Adams & Westlake Co., The 


Advanced Vacuum Products, Inc., 
A Div. of General Ceramics Corp. 


Akron Porcelain Co. 

Allegheny Ludlum Steel Corp. 
Allen-Bradley Co. 

Allied Research Products, Inc. 
Aluminum Company of America 44, 45, 
American Brass Co., The 

American Super-Temperature Wires, Inc, . 
Amplex Div., Chrysler Corp. 

Anaconda Wire & Cable Co. 

Apex Machine & Tool Co., The 

Armco Steel Corp. 

Arnold Engineering Co., The 

Artos Engineering Co. 

Associated Spring Corp. 


Automatic Molding Machine Co., 
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Automatic Switch Co. . 


B-G-R Div., Associated Spring Corp. 


Baker Contact Div., Engelhard 
Industrics, Inc. . 


Baldor Electric Co. 
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Resinite Dept. 232 
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Brush Instruments Div. of Clevite 
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Buchanan Electrical Products Corp. 
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Carr Fastener Co., Div. of 
United-Carr Fastener Corp. . 
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Chicago Molded Products Corp. 46 
Chicago Standard Transformer Corp. .. 154 
Clare & Co., C. P. 

Clarostat Mfg. Co., Inc. 

Cleveland Container Co., The 


Cochran Foil Corp., A Sub. of the 
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Columbia-Geneva Steel Div., U.S. Steel 
Corp. 


Comar Electric Co. 
Connolly & Co., Wallace E. 
Constantin & Co., L. L. 


Continental-Diamond Fibre, A Sub. of 
The Budd Co. 


Continental Screw Co. 

Control, A Div. of Magnetics, Inc. 
Controls Co. of America 

Cords Limited Div., Essex Wire Corp. 
Cornish Wire Co., Inc. 

Cosmo Plastics Co. 

Coto-Coil Co., Inc. 

Cottrell Paper Co., Inc. 
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aker Contact Div., Chemical Div. 
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Film Capacitors, Inc. 
Fischer Special Mfg. Co. 
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Hi-Lo Manufacturing Co. 
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Cinch Manufacturing Corp. 
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Kepco Laboratories, Inc. 
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Killark Electric Manufacturing Co. 
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Laminated Shim Co., 
Leland Inc., G. H. 
Lovejoy Flexible Coupling Co. 


Macallen Co., Inc., The 
MacLean-Fogg Nut Co. 

Madison-Kipp Corp. 

Magnetic Metals Co. 

Magnetics, Inc. 
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Manross and Sons Div., F. N., 
Associated Spring Corp. 


Marbon Chemical Div. of Borg-Warner 249 
Mechanical Industries Production Co, .. 256 
Metron Instrument Co. 

Micro Switch, A Div. of Honeywell 


Milwaukee Div., Associated Spring 
Corp. 


Moen Trading Co. 
Moore, Inc., George W. 
Multi Electric Mfg. Inc. 


National Acme Co., The, Electrical 
Manufacturing Div. - ; 
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National Conference on oe 
of Electrical Insulation 


National Electric Controller Co. 
National Lock Co. 


National Pneumatic Co., Inc., 
Holtzer-Cabot Motor Div. 


New Hampshire Ball Bearings, Inc. 
New Jersey Wood Finishing Co. 
North Electric Co., Industrial Div. 
Nothelfer Winding Laboratories, Inc. 


Ohio Div., Associated Spring Corp. 
Ohmite Manufacturing Co. 


Oronite Chemical Co., A California 
Chemical Co. Sub. 


Ozalid, A Div. of General Aniline & 
Film Corp. .. 


Palnut Co., The 


Parker-Kalon Div., General American 
Transportation Corp. 
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Raymond Manufacturing Div., 
Associated Spring Corp. .... 


Fractional Horsepower 


VARIABLE SPEED 
PULLEYS 


FRONT MOUNTING 





1350 ECONOMY 
PULLEY “4 TO 4 HP. 


COMPOUND 
DRIVE PULLEY 
%TO % HP. 























Economical— 
low in initial cost . . . easily in- 
stalled on old or new equipment. 


Minimum Maintenance— 
simple construction assures trou- 
ble-free operation . . . lifetime 
lubricated with oil-impregnated 
bronze bushings. 


Constant Belt Alignment— 
inner and outer pulley sheaves 
open equally to provide smooth, 
infinitely variable speed ratios 
to 8 to 1. 


No Slippage— 

Sure grip of belt sides delivers 
full traction under all load con- 
ditions...result is greater horse- 
power carry capacity. 


Get the new 


12-page Lovejoy | == =a F 
catalog! 
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CHANGE 
DIRECTION < 


om All Electric 
) Variable Speed Drive 
with Finger-tip Control 


The new V*S Jr. gives you instantaneous speed changes, 
even under load, without belts, pulleys, or gears. This 
Reliance Drive puts complete machine control at the opera- 
tor’s fingertips. All functions, jog, start, stop, reverse and 
speed changes are placed in a compact, remote control station. 


The 8 to 1 motor speed ratio puts extra flexibility into your 
machinery. Speeds may be changed through this wide range 
as frequently as required. The motor will operate through a 
100 to 1 speed range for jogging or light intermittent duty. 


There’s a big power cushion in the motor too . . . power for 
smooth speed pick up, even under heavy shock loads, and 
dynamic braking for fast controlled stops without shudder- 
ing or jerking. 
The Reliance V*S Jr. is your answer to machinery drive 
(9 problems in the % to 4 horsepower range. Package construc- 
WIDE tion makes installation easy; just plug it in to a single phase 


SPEED RANGE ae . 220 or 440 volt a-c. line. 


Write for Bulletin D-2505 for complete details. D-1554 


RELIANCE { } ELECTRIC 


AND ENGINEERING COMPANY 


Dept. 278A, Cleveland 17, Ohio 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 


OO0V0DIDIOO 


Circle 102 on page 17 





TYPE Ss‘ 


TYPE SA* 


TYPE A* 


TYPE D* 





STEMCO THERMOSTATS 


the complete /ine for appliance and apparatus use 


The best way to check rising 
thermostatic control costs is to 
check up on the Stemco ther- 
mostat line while your product 
is in the planning stage. Since 
the Stemco line is the broadest 
line in the industry, there is a 
good chance that a standard 


THERMOSTATS 


“Refer to Guide 400 EO for U.L. and C.S.A. approved ratings. Patent Applied For. 


TYPE H 


production-line Stemco thermo- 
stat—or a minor variation 
thereof—will fill your special 
requirements exactly. That 
saves design and “‘lead’”’ time... 
saves on development costs 
... gives a proven unit at a 
realistic cost. AA-4294 
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manufacturing company, inc. 


Lexington and Mansfield, Ohio 


